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A Report of the Research Council 


By F. M. DAWSON’ 


Vice President of the A.S.E.E. and President of the Engineering College Research Council 


The members of the Society have 


special reason to be interested in the 
activities of the Society’s Administra- 
tive and Research Councils. The En- 
gineering College Research Council has 
continued a number of important ac- 
tivities since its report at the Annual 
Meeting in Minneapolis last summer. 
A few of these activities are reviewed 
herein. 

Copies of the Research Council’s 
1947 Directory, including a complete 
Review of Current Research at our 
member institutions, were distributed 
in Minneapolis. Since then compli- 
mentary copies of this publication have 
been sent to nearly 1,500 industrial re- 
search laboratories in the United States, 
and several hundred additional copies 


have been sold at the regular price of - 


$1.00. 

Papers presented at the Research 
Council’s sessions in Minneapolis were 
assembled and published in the Pro- 
ceedings of the 1947 Annual Meeting. 
The libraries of all our member institu- 
tions and members of the Industrial 
Research Institute have received com- 
plimentary copies of the Proceedings, 
and we have supplied a number at $1.00 
each. 

The program of our Committee on 
Relations with Federal Research Agen- 
cies remains active; at the request of 
the U.S. Army Corps of Engineers, 
we have recently asked our members to 


indicate their possible interest in a 
study of electric blasting problems. 
The Committee is apparently able to 
give a substantial service to government 
agencies by canvassing our members’ 
facilities and interests. 

In this connection, the Research 
Council held a midseason meeting in 
Washington on November 12, at which 
five representatives of key government 
agencies spoke about their present and 
future plans for sponsoring research 
at engineering colleges. Guests of the 
Research Council at the meeting were 
Rear Admiral Paul F. Lee, Chief of 
the Office of Naval Research; Major 
General L. C. Craigie, Director of Re- 
search and Development, Department 
of the Air Force; Major General H. S. 
Aurand, Director of Research and De- 
velopment, Department of the Army; 
Dr. L. R. Hafstad, Executive Secretary 
of the Research and Development 
Board, National Military Establish- 
ment ; and Dr. Ralph P. Johnson, Dep- 
uty Director, Research Division, U. S. 
Atomic Energy Commission. A lively 
discussion period followed each paper. 


Historically, the Engineering College , 


Research Association (predecessor or- 
ganization to the Research Council) 
was one of the first engineering organi- 
zations to take an active part in the 
fight for the National Science Founda- 
tion. As a result of this (and others’) 
frontier work, the principles involved 
in a National Science Foundation have 
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gained ‘fairly wide acceptance, and the 
field of engineering is now almost cer- 
tain to be specifically included in any 
National Science Foundation bill. The 
defeat of the Foundation duting the 
last two years has resulted from dis- 
putes over administrative details rather 
than from a refusal of any of its prin- 
ciples. 

As the 1948 session of Congress 
draws near, the Society is making plans 
to continue its non-partisan support of 
the National Science Foundation, ex- 
pressing willingness to accept any 
sound administrative pattern so long as 
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the Foundation’s purposes are achieved. 
This is in accordance with the resolu- 
tion passed at the Annual Meeting in 
Minneapolis last June, when the So- 


‘ciety’s Committee on Legislation was 


authorized to “take all necessary steps 
to secure passage of a National Science 
Foundation bill provided that it is in 
general consonance with S. 526.” The 
Research Council expects to maintain 
its active interest in the Science Foun- 
dation, in accordance with this resolu- 
tion, and there is hope that a National 
Science Foundation can be created dur- 
ing 1948. 
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Agricultural Engineering —Its Place in the 
Land-Grant Schools * 


By ARTHUR W. TURNER} 


It is always a pleasure to discuss the 
importance of Agricultural Engineer- 
ing in our domestic life and in the 
world economic picture. The oppor- 
tunity of presenting it to you is a spe- 
cial privilege which I greatly appreci- 
ate. By way of introduction and back- 
ground, I am an agricultural engineer 
by graduation, taught on an agricul- 
tural engineering staff, served nearly 
a score of years in industry as an agri- 
cultural engineer, and now am direct- 
ing agricultural engineering research in 
the U. S. Department of Agriculture. 

Engineers like to identify themselves 
according to the industry they serve. 
So, there are transportation, marine, 
automotive, electrical, mining, petro- 
leum, and other kinds of engineers 
serving industry in its many phases. 
The agricultural engineers’ industry is 
agriculture. 

Agriculture is America’s largest in- 
dustry. It is a large user of power, 
labor, and materials. Prior to the war, 
American manufacturing and process- 
ing industry had 50 million horse- 
power available, while agriculture had 
97 million. The 1940 census reported 


*Presented at the Engineering Education 
Section, Association of Land Grant Colleges 
and Universities, Washington, D. C., No- 
vember 10, 1947. 

+ Assistant Chief, Charge of Agricultural 
Engineering Research, Bureau of Plant In- 
a, Soils and Agricultural Engineering, 
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that 18.45 per cent of all persons gain- 
fully employed were in agriculture as 
compared with 24.3 in all manufactur- 
ing. American agriculture purchases 
more than one-third of a billion dollars 
worth of building materials annually, 
more than three-fourths billion dollars 
worth of machinery and equipment, 
and over half a billion dollars worth of 
fertilizer, which is rapidly becoming 
a major commodity of the chemical in- 
dustry. Agriculture is the petroleum 
industry’s largest customer, while the 
immediate and potential consumption 
of electricity by agriculture is enor- 
mous. Now transmission lines provide 
power for more than three and one- 
half million separate farms, each with 
unlimited applications of electric en- 
ergy. Agriculture is big business, 
America’s largest. Agriculture was 
the world’s original industry and still 
is its basic industry, and as such de- 


serves a goodly number of specially 


trained engineers. 


Wortp Foop NEEps. 


The importance of food in war and 
in peace is recognized throughout the 
world. In the world economic and 
political situation recently much em- 


phasis has been placed on food—food . 


for a starving world. An outstanding 
engineer, Herbert Hoover, former 
President of the United States, and 
Chairman of the President’s recent 
Famine Relief Committee, made this 
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statement on his return from a world 
inspection tour : 


“Calories are the yardstick of hunger, 
of starvation, of famine, and finally death. 
. . . As we descend the scale from the 
stage of hunger, to the stage of disease 
and epidemics, to the stage of public dis- 
order, to the stage of starvation of all but 
the strongest, we come finally to the stage 
of mass starvation at less than 900 cal- 
ories a day. .. . Long before a population 
is reduced to these low levels, however, 
Government would break down. We must 
prevent the descent to these lower levels. 
Reconstruction and peace in the world 
would go up in the flames of chaos if we 
were to fail.” 


The importance of food as a stabiliz- 
ing influence in the world was recog- 
nized by the formation of the Food and 
Agriculture Organization and ratifica- 
tion of its constitution by 42 nations at 
Quebec, Ontario, October 16, 1945, as 
a vital part of the UNO. Apropos of 
the importance of food in world peace, 
Sir John Orr, Director General of 
FAO, made this statement at the first 
plenary session of the organization at 
Washington, D. C., devoted to urgent 
food problems. 


“The cooperation of government in a 
common effort to free the world from 
hunger will do more for an enduring 
peace than the delineation of political 
boundaries and the drawing up of politi- 
cal peace treaties, essential though these 
may be. Famine is the greatest politician 
ofall. Peace cannot be built on a founda- 
tion of empty stomachs.” 


I was asked to prepare a paper for 
the International Technical Congress 
held in Paris, France, in September of 
last year on the subject “The Impact 
of Mechanization on Agriculture.” I 
raised the questions : “Will this demand 
for more food be met by further mecha- 
nization? Can-other nations increase 
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their production in this same way?” I 
answered these questions by saying, 
“Not by mechanization alone. Mecha- 
nization, as we know it in the United 
States, is more than just replacing 
hand methods by machines in crop pro- 
duction. It is agricultural engineer- 
ing—applying engineering principles to 
agriculture in soil conservation, in farm 
buildings including both animal shel- 
ters and grain storages, and the efficient 
use of electric energy as well as me- 
chanical power and farm machinery— 
all of which are dependent through 
management and are part of what, for 
lack of a better term, has been called 
‘farm mechanization.’ ” 

I am now a member of a committee 
attempting to set up a procedure under 
the “Marshall Plan” to provide the 16 
European countries with needed food 
production tools—farm machinery. 
This has to be determined very realis- 
tically for we in this country have in- 
creased our food demands by 10 per 
cent since the start of the war. Our 
population is 13,000,000 greater. And 


. you people, burdened with present uni- 


versity enrollment, no doubt agree with 
the October 15 United States News 
charts showing that our population will 
be 150,000,000 by 1950. Every person 


is a mouth to feed and a body to clothe, - 


Can we increase our production to 
meet these additional demands? Some 
of you civil engineers will no doubt 
point to the vast areas that can be 
brought under cultivation through irri- 
gation. Possibly this can be done to 
give us some increased production. 
But what are we going to do about 
the thousands of acres of fertile land 
that are being flooded to provide hydro- 
electric power and ruthlessly stripped 
for coal and other natural resources, 
the large areas being destroyed in oil 
fields, good soil used for fill in major 
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construction, and the burying of good 
soil in covering dumps and similar 
areas. Will not this waste of our basic 
resource offset to a large degree what 
we gain through reclamation unless our 
conservation programs are made more 
effective ? 

The alternative to increased produc- 
tion from more land is to boost our 
food and fiber production from the 
present cultivated area through ad- 
vancements in science and engineering. 
Hybrid corn is, of course, the best ex- 
ample of how this can be done. That 
one advancement, which was made pos- 
sible only through research, gave us 2 
billion additional bushels of corn dur- 
ing the war years. Such production 
would not have been possible, however, 
had it not been for other developments, 
particularly in agricultural engineering, 
which made possible the mechanization 
of many production operations, includ- 
ing precision planting and mechanical 
harvesting. The change from horse- 
power to machine power alone released 
many thousands of acres which became 
available for increased production of 
foods. It also increased our efficiency 
in many other ways. These changes 
were the result of research, both public 
and private, in the field of agricultural 
engineering. In this post-war period 
agriculture’s research men are not look- 
ing backward; they are, instead, look- 
ing ahead at new problems that chal- 
lenge the imagination. 


Some AGRICULTURAL ENGINEERING 
PROBLEMS 


Let me list a few of the questions 
now under consideration in agricul- 
tural engineering research: 

1. What new equipment and changes 
in methods are needed in harvesting 
and curing hay? Dairy nutrition spe- 


‘Cialists say enough protein is now lost 
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in handling hay to feed 7,500,000 dairy 
cows for six months. That indicates 
rather emphatically that methods now 
used in harvesting this valuable crop 
are awkward, inefficient, and anti- 
quated. The development of new hay- 
ing machines and procedures is largely 
an engineering problem. 

2. What crop conditioning require- 
ments and facilities does the producer 
need so he can hold and market his 
commodities in top quality condition 
at his own convenience rather than to 
dump them on a flooded market at 
harvest time? This question opens up 
a whole field of engineering research 
that is relatively unexplored. 

3. What are the economic factors 
involved in the production and decorti- 
cation of new fiber crops, such as ramie, 
sansevieria, and others, on an industry 
basis? The present world shortage of 
fibers which is especially serious in this © 
country indicates the pressing need to 
accelerate research that may lead to 
new fiber industries and establishment 
of our own fiber industries. 

4. Can tobacco, cotton, peanuts, 
sweet potatoes, and similar crops be 
mechanized for quantity production 
and quality control? On many of these 
products the surface of the research 
that needs to be done has barely been 
scratched. 

5. How valuable is the labor that is 
performed about the farm buildings in 
caring for livestock and crops? In 
dairying, for example, and in produc- 
ing poultry and eggs, up to 80 per cent 
of the labor time is spent in the build- 
ings. The time required to care. for 
one cow ranges from 100 to 165 hours 
a year with an average of 140 hours, 
while a flock of 125 laying hens and 
pullets will require approximately 200 
hours. Compared with crop produc- 
tion these requirements are extremely 
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high. What is needed in new ma- 
chinery or equipment and arrangement 
of buildings and work procedures to 
reduce the labor needed? 

6. How much does the producer pay 
for inefficiency in farm processing 
plants and small industries handling 
farm products, and what can engineer- 
ing do to reduce costs? Output per 
worker varies as much as 25 per cent 
in creameries within boundaries of a 
county, 800 per cent in milk marketing, 
and 65 per cent in poultry processing 
plants. 

7. What do we need to know about 
housing farm animals to lower costs of 
production, improve quality of product, 
and maintain the health of the animals? 
Engineers need scientific data on the 
heat and moisture production of the 
various kinds of animals in order to 
provide the right environment for high 
production and to protect the struc- 
tures themselves from damage by decay 
and other ravages. 

8. Can the potentiometer be used to 
supplant the seed germination test as 
a means for determining seed viability 
and growth characteristics? Some ex- 
periments have shown rather startling 
results and indicate this instrument 
may have untold value to the plant 
breeder. 

9. Does anyone know or can any of 
us even imagine the potentials from use 
of bactericidal, erythemal, and infra- 
red energy in agriculture? In this field 
of electric radiation preliminary explo- 
rations have already indicated a tre- 
mendous field for research of- especial 
immediate interest on the possibilities 
of supersonic energy and its effects on 
plant, bacterial, insect, and animal life? 
10. What types of refrigeration 
equipment for farm use will be required 
in the future? Insofar as farm appli- 
cations are concerned, refrigeration is 
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just in its infancy. The possibilities of 
freezing fresh milk on the farm are, for 
example, just becoming known. In the 
not-too-distant future, also, poultry 
may be fresh-dressed, frozen, and sold 
directly from farms. With further re- 
search in farm refrigeration, the mar- 
keting of many perishable farm prod- 
ucts might easily be revolutionized. 
Equipment to handle such demands 
has not yet been designed. 


Many ENGINEERING RESEARCH 
PHASES 


Those are only a few of the prob- 
lems of the moment about which agri- 
cultural engineers are thinking. In 
agricultural research it is sometimes 
difficult for many to distinguish the en- 
gineering phases because so often the 
work is set up by commodities—cotton, 
corn, hogs, cattle, or other crops or 
animals. In all these fields, however, 
there are engineering phases. This 
work might well be described as func- 
tional research because so often it deals 
with the functions of production, stor- 
age and housing, processing, and mar- 
keting. 
the investigations are concerned not 
only with crops and their production 
but also with the functional require- 
ments of livestock shelters, the devel- 
opment of more livable homes, and the 
efficient use of labor and both mechani- 
cal power and electricity on the farm 
and in the rural farm industries. You 
will be interested to know that esti- 
mates have been made showing that 
85 per cent of the nation’s vast agricul- 
tural research program has engineering 
phases or implications. 


TRAINING OF AGRICULTURAL 
ENGINEERS 


Recognizing that there is a need for 
increasing food production throughout 


In Agricultural Engineering 
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the world, there must be a need also for 
more agricultural engineers, for they 
are in reality the engineers of food pro- 
duction. What background must such 
an engineer have? Here is a brief 
resume of some of the requirements: 

He must, of course, be an engineer 
because he deals with power, labor, 
methods, and materials. He must also 
know farming and the problems of 
crops and livestock production, process- 
ing, and marketing. In other words, 
he must know agricultural fundamentals 
in addition to having the technical 
knowledge of the engineer who goes 
into any other industrial field. 

The agricultural engineer needs a 
knowledge of soil tilth with regard to 
respective kinds of soils, climate, and 
crops. One might refer to this as soil 
physics. What is the nature and fre- 
quency of cultivation needed to control 
weeds and to stimulate maximum pro- 
duction in any given soil and for each 
particular crop? What are the possi- 
bilities of using chemicals, heat, and 
electric energy in weed treatment in 
the various field operations? These 
require a background of agricultural 
training for their solution. 

The agricultural engineer also needs 
a working knowledge of plant science 
and a close relationship with the plant 
breeders. He knows the characteristics 
he desires in seeds or seedpieces for 
precision planting, and such character- 
istics as the type of straw or stalks de- 
sirable for harvesting. For harvesting, 
the ideal situation would be to have a 
universal machine for all crops. How- 
ever, this seems impossible because of 
the wide variety of the present physical 
characteristics of the crops. Probably, 
however, individual machines can be 
adapted to harvesting a wider variety 


_of crops than is now done. 


Thousands of varieties of insects at- 
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tack our crops and animals. The en- 
tomologists develop insecticides and 
fungicides, both liquid and dust, but 
they and equipment manufacturers have 
been stymied by lack of satisfactory 
methods and equipment for application, 
whether by ground or airplane means. 


TRAINING BY LAND-GRANT COLLEGES 


How and where should the agricul- 
tural engineer be trained? Here I am 
giving my personal views, based on 
observation of engineers in all branches 
of agriculture. The logical place for 
training is the land-grant college hav- 
ing both engineering and agricultural 
Possibly there are exceptions ; 
however, I am sure you will agree with 
my first statement. The agricultural 
engineer needs a strong agricultural en- 
gineering consciousness that will en- 
able him to understand and apply engi- 
neering principles to agriculture in a 
scientific as well as practical manner. 
Every state can and, I believe, should 
have at least one strong agricultural 
engineering department. 

Personally, I do not fully subscribe 
to four years of engineering training 
and one year of agriculture, or four 
years of agriculture and one or more 
years of engineering. Neither pro- 
cedure developes a proper agricultural 
engineer consciousness. Institutions 
having a 4-year curriculum in engineer- 
ing should have a 4-year curriculum in 
agricultural engineering. 

The administration of agricultural en- 
gineering training—and here is where 
I again open myself to questions from 
some of you—to my thinking should be 
a joint responsibility between the Dean 
of Engineering and the Dean of Agri- 
culture. The engineering requirements 
of agriculture are a combination of en- 
gineering fundamentals and agricultural 
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fundamentals. They are not the so- 
called trades or skills but the basic 
fundamental requirements of the two 
professions: one without the other is 
apt to result in lopsided training and 
subsequently lopsided viewpoints. 

It will not be sufficient in develop- 
ing the agricultural engineering cur- 
riculum to reshuffle the present engi- 
neering and agricultural courses and 
expect the agricultural engineering stu- 
dent to sift out the wheat from the chaff. 
One of the handicaps in agricultural 
engineering training today is insuffi- 
cient text materials and teaching exam- 
ples of engineering applications to agri- 
culture. It is essential to study not 
only the overall curriculum, but also to’ 
organize some special agricultural engi- 
neering courses. This applies to both 
engineering and agriculture. Take the 
applied mechanics of field machines 
for example. Agricultural equipment 
does not have the solid foundation of 
the power-generating plant, the steel 
rails of trains, or the concrete roads 
necessary for operation of motor ve- 
hicles. Instead farm machines operate 
over uneven terrain. Power is trans- 
mited at angles by sprocket, shaft, belt, 
and chain, and through the power-take- 
off, and the angles change in both hor- 
izontal and vertical planes while the 
machine is in operation, either to meet 
terrain irregularities or crop require- 
ments. 

Another example includes farm 
buildings which represent a large part 
of the farmer’s investment and affect 
his income in several ways. Where 
climatic conditions are unfavorable the 
amount of milk or eggs that a farm 
produces is likely to depend on the 
capacity or the convenience of the 
buildings. Storing the various crops 
is dependent on the conditioning re- 
quirements of each crop; how much 
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moisture is transferred from the center 
of a kernel or seed to the surface where 
it can be evaporated or removed. Con- 
trolling or eliminating moisture migra- 
-tion in grain storages is another es- 
sential in grain storage design. 

Specialized courses in engineering 
and especially in agriculture could con- 
centrate much essential material into 
fewer and more useful courses. For 
example, take the material on soil phys- 
ics already mentioned. One _ good 
course on soil physics could cover soils 
if presented as related to the structure 
of soils, characteristics which affect 
tillage, traction, erosion, and similar 
factors. Livestock should be studied 
from the standpoint of housing and care 
instead of merely judging individual 
animals. Field crops should be studied 
from the mechanical standpoint for pro- 
duction and agronomic standpoint for 
storage and utilization. 

Another course which I believe 
should be in every engineering curricu- 
lum has to do with the engineer’s re- 
sponsibility for developing and under- 
standing the economic and social phases 
of his work. One of the greatest dan- 
gers to our constitutional form of gov- 
ernment and our free economy is the 
lack of appreciation of how these two 
great institutions serve everyone and 
have provided us with the highest 
standard of living ever achieved. 
Again and again in meetings and papers 
of our engineering societies it has been 
emphasized that the people responsible 
for high standards must also assume 
responsibility for translating and pub- 
licizing just how our system operates. 
Our responsibility as engineers is to 
correct misunderstandings about our 
economic system, and thus to stop the 
dangerous undermining which has been 
going on in some quarters. 

The training of the agricultural engi- 
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neer has the same relationship to agri- 
culture as that of the mining engineer 
to mining and the aeronautical engineer 
to aeronautics. It is an engineering 
profession serving the agricultural in- 
dustry. That industry, in many of its 
phases, calls for the highest type of en- 
gineering, a far advancement from its 
beginning as farm mechanics. Its true 
importance stands out in bold relief. 
-And now in conclusion permit me to 
ask your counsel on how our training 
and applications of engineering can be 
strengthened. Increasing numbers of 
young men feel a responsibility in ap- 
plying engineering to agriculture. 
Many agricultural engineers are al- 
ready doing yeoman service. Both de- 
serve the benefits of state licensing now 
provided other engineers. We request 
your continued cooperation in seeing 
that this is realized in every state. 


You can be of invaluable aid in this as 
you are in the other engineering pro- 
fessions. It is most gratifying also to 
see that nearly every college engineer- 
ing group offers membership in honor- 
ary organizations to agricultural en- 
gineers. 

The agricultural engineer has con- 
tributed, if not led, in engineering of 
agriculture—which not only reduces 
man-hours in crop production, but also 
reduces losses in production, provides 
storage for commodities, increases ani- 
mal production through proper housing, 
and above all saves the productive soil 
which is basic to the life of a nation. 
The world’s increasing need for food 
has emphasized the need for better 
trained agricultural engineers—that 
more food can be produced for all 
peoples—thus removing an important 
age-long disturber of world peace. 
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It is my purpose today to present for 
your evaluation the ten categories of 
knowledge which should inform the 
humanistic-social education of thé engi- 
neering undergraduate. These cate- 
gories, together with their governing 
motifs, make up the body of knowledge 
of the humanistic-social branch of 
learning. For convenience merely, I 
shall present these categories in alpha- 
betical order as follows: Civilization, 
Fine Arts, Human Relations, Lan- 
guage, Literature, Philosophy, Psy- 
chology, Science, Social Process, and 
Technics. 
1. Civilization 

In recent decades there have been 
scholarly and profound historical sanc- 
tions given to the idea that western 
civilization has rounded the curve of 
maturity and started on the downward 
path of decay and inevitable disintegra- 
tion. Oswald Spengler’s “The Decline 
of the West” disenchanted a good many 
innocent souls who had always thought 
of the historical process as a steady 
ascent from the abject and bestial to 
that far-off divine event when upright 
man should enter into a technological 
Garden of Eden. Latterly, however, 
the proposition of decay has given over 
to a much more violent notion which 
contemplates not slow senility but, co- 


* Presented at the 55th Annual Meeting, 
A.S.S.E., June 18, 1947. 
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incident with the manufacture and use _ 


of the atom bomb, the utter and imme- 
diate destruction of western civilization. 

Since we are so anxious to preserve 
it, we ought to know what we mean 
by “civilization.” 

The term civilization is a mighty ab- 
straction, and it stands for an interact- 
ing complex of human values and sym- 
bolic monuments. To grasp the con- 
cept of civilization it is necessary to 
see how civilizations differ ; how in the 
past they have struggled against one 
another and are still struggling against 
one another ; how each is in its way a 
function of its religious belief ; how the 
aesthetic expression of each is repre- 
sentative of its inner world-view ; how 
changes have come about in each 
through technological invention ; how a 
civilization’s political and social ideals 
have evolved from deeply rooted un- 
conscious urges of the race mind ; and 
how social and political changes come 
about through contact with other civili- 
zations. To grasp the concept of civili- 
zation, it is well to study specific civili- 
zations; but neither the typical course 
in the chronological history of a single 
national state, nor a parrot-knowledge 
of names, dates, places, and events will 
serve. The typical history course is 
more likely to defeat the purpose of 
world understanding than to encourage 
it, since it places emphasis on isolated 
chronological facts rather than on re- 


-lated attitudes and inner meanings. 
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The authority of the leading his- 
torian of our day speaks out against 
a dangerous provincialism. In Har- 
per’s Magazine for April, 1947, in an 
article entitled “Encounters Between 
Civilizations,” Arnold Toynbee looks 
into the future as far as he can see. 


“By A.D. 4047 the distinction—which 
looms large today—between the Western 
Civilization, as an aggressor, and the 
other civilizations, as its victims, will 
probably seem unimportant. When radia- 
tion has been followed by counterradiation 
of influences, what will stand out will be 
a single great experience, common to the 
whole of mankind: the experience of hav- 
ing one’s parochial social heritage battered 
to bits by collision with the parochial 
heritages of other civilizations, and then 
finding a new life—a new common life— 
springing up out of the wreckage.” 


Even at the risk of having only a 
superficial knowledge, the engineer of 
today ought to know something of the 
great world civilizations, of their moti- 
vating ideologies, of the struggles be- 
tween them, and of their mutual 
diffusion. 


2. Fine Arts 


Music, painting, sculpture, architec- 
ture, the dance, and the theatre are 
among the glorious events of human 
experience. In themselves they are the 
evidence of man’s search for power 
controlled in beautiful, delightful form. 
But they are also emblematic of an age 
and of a civilization’s world-view. For 
those whose destiny it is to analyze 
and appreciate the fine arts rather than 
to create in them, not one but numerous 
approaches have to be undertaken, not 
in one course alone, but interspersed 
throughout many courses. Hence his- 
tory must be concerned with fine arts, 
and so also must literature, psychology, 


and philosophy ; in fact, as contributing 


to the building of intelligent human 
relations, as well as to individual self- 
knowledge, no category in this discus- 
sion should be unmindful of the impor- 
tance of the fine arts. Courses in the 
“appreciation of art” altogether too 
often devote themselves to scattering 
about miscellaneous information on a 
few selected works of art. In these 
courses pre-professional students get 
the idea that “art” is some kind of 
bizarre creation which for some in- 
explicable reason rich people buy and 
sell, and intellectuals talk about at cock- 
tail parties. Why he should decorate 
his professional career with such orna- 
ments the engineer will never know. 
But out of deference to convention, the 
engineer looks at pictures and listens 
to music. Art appreciation courses 
may supply a kind of pleasurable, sen- 
suous relaxation; educationally, they 
are beside the point. The function of 
analysis in the fine arts is much the 
same as in literature. The student 
ought not to be encouraged to be the 
passive recipient of mere sensations, 
he should be trained in approaches 
which will enable him to do something 
with aesthetic experiences, to make 
something emotional and intellectual 
out of them for himself. : 
Leading motifs in modern approaches 
to study in the fine arts are for the most 
part psychological and historical. The 
fine arts are symptoms of the inner 
life, manifestations of attitudes toward 
experience, sometimes for an_ indi- 
vidual, more often for a whole era. As 
such they are forms of communication ; 
but they are even more. They are 
strategic ways of accepting or rejecting 
aspects of a world, not only in what 
they “say” but in their very structure 
and form. Important also for study is 
the aesthetic evocation of the subtle 
and powerful force of the irrational in 
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man, the force which brave reason de- 
ludes itself into thinking has been for- 
ever banished from human experience. 
Modern art has felt anew the sway of 
the pre-rational forces in man and has 
expressed them exultantly. Science 
and technics, says Carl Gustav Jung, 
have “attracted human consciousness to 
such an extent” that we have forgotten 
“the unaccountable forces of the un- 
conscious mind.” But they are there, 
and “not a few people, nowadays ... . 
are convinced that mere human reason 
is not entirely up to the enormous task 
of fettering the volcano.” Art does 
not let us forget these forces, and an 
understanding of them may yet prove 
of inestimable value to us. 


3. Human Relations 


That human beings live together and 
are dependent on one another is an 
empirical fact. If for no better reason, 
therefore, the cultivation of intelligent 
attitudes toward the social experience 
is of first importance in any educa- 
tional program. 

The category of human relations em- 
braces many disciplines and many 
points of view; it cuts across all de- 
partments and all courses. But the 
cornerstone of any modern study of 
man in society must be a theory of 
“human nature.” What one believes 
about human nature makes all the dif- 
ference, and the many differing points 
of view must all be studied with care. 

Whatever we believe, whether we 
accept the teachings of Plato or Jesus, 
of John Calvin or of Rousseau, of 
Percy Shelley, of Karl Marx, or of 
the late Adolph Hitler, we may be 
fairly sure that our belief governs our 
overt behavior and that we ought per- 


1 Carl Gustav Jung, “Psychology & Re- 
ligion” (New Haven: Yale University 
Press, 1946), pages 58, 59. 
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haps to look into our beliefs with some 
care. Indeed, it is quite possible that 
the lesson to be learned from the con- 
flict of differing beliefs is that none is 
“true,” but only that some are more 
consistent with our blessed hopes for 
mankind than others. Whatever man 
may be “really” is perhaps beside the 
point. We know only that all men 
are in the same small boat adrift in the 
dark, if not hostile, night. 

Fundamental to all social thinking is 
the nature-nurture problem, and every 
undergraduate should be able to work 
with this problem critically. To begin 
with, he should know that biologists 
and sociologists alike are agreed that 
“heredity determines not traits them- 
selves but responses of the individual 
to his environment.” The decisions of 
heredity are not “implacable” destinies. 
“We can not change the heredity with 
which we were born, but in at least 
some cases we can choose an environ- 
ment to which our heredity will respond 
most favorably.” ? And we know now 
that environment can be altered to meet 
most human needs. 

Consistent with these beliefs, psy- 
chology has pointed out that there are 
psychological needs as well as biological 
needs, that there is a psychology of 
the city and a psychology of the coun- 
try, that there are irrational factors in 
man’s makeup that have to be taken 
seriously into account in any social or- 
ganization, that the psychology of a 
mechanized society is different from 
the psychology of a crafts and agricul- 
tural society, and that strict conformity 
to the pressures of an environment may 
be as fraught with danger for both 
individual and community as total an- 
archy. 

2L. C. Dunn and Th. Dobzhansky, “He- 


redity, Race and Society” (New York: Pen- 
quin Books, Inc., 1946), page 18. 
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There are other contributions to so- 
cial thinking from other fields of in- 
vestigation, and the undergraduate 
should also be acquainted with these. 
Cultural anthropology has given us the 
concepts of learned behavior, of cultural 
relativity, and of the diffusion of cul- 
tures, and has found the theories of in- 
ferior and superior races wholly un- 
tenable. -Political scientists tell us that 
political theory and economic theory 
cannot be separated into different com- 
partments, but that political thinking 
embraces all the departments of human 
behavior. And the best of the social 
thinkers have insisted that the ideal of 
objectivity is just as important in the 
investigation of social problems as in 
the investigation of purely physical 
phenomena. 

It is necessary for the engineering 
undergraduate to know that in great 
measure man can control his social life 
and that when social change is de- 
manded by intolerable conditions, he 
is not destined out of ancient and hon- 
orable habit to persevere in a learned 
culture pattern. 


4. Language 

A language is more than the words 
which make it up, for words by them- 
selves are lifeless counters, of no more 
worth intrinsically than the gold in 
Kentucky. It-is not until a word is 
used by a human being that it comes 
to life, as by a divine touch. A diction- 
ary is not language. But a tale told 
by an illiterate, though all the rules of 
grammar may have been broken in the 
telling, is language. 

The study of language has for some 
time been relegated at the college level 
to a course called Freshman English, 
the purpose of which has been training 
in the formalized ways of putting Eng- 
lish word symbols together. But I 
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think we ought to substitute the word 
“language” for “English” and drop the 
word “Freshman” altogether; for the 
concept of language involves infinitely 
more than the rules of syntax in Eng- 
lish, and the study of language is never 
ending from cradle to grave. 

The modern study of language be- 
gins with the thesis that language is 
inseparable from the people who use it. 
Language is a function of the psycho- 
logical life of the individual user, and 
it is at the same time inextricably bound 
up with the cultural life of the group. 
It may be said that language is the in- 
strument for reproducing meaning, the 


meaning having previously existed in 


the “thing” we refer to when we speak 
and in the cultural and psychological 
life of thé speaker who makes the ref- 
erence. (The study of how one person 
works with words constitutes the study 
of that person and not of language in 
general—a study of his psychological 
experiences, of his relationship to his 
community and to his time.) 

There can be little doubt that lan- 
guage develops out of social conditions 
and in turn influentes social behavior. 
Language is not just language, a some- 
thing we have spoken all our lives with- . 
out realizing it. Language is the lan- 
guage of the movies, of the laboratory, 
of the law courts, of James Joyce, of 
industry, of John Dewey, of news- 
papers, and of drawing rooms. It 
everywhere tells the story of the users. 
How it tells the story is what every 
student must know. To know what one 
wants to do and to know what is being 
done when words are used as the ve- 
hicle of meaning are the twofold aims 
of language inquiry. It is vital to the 
health of the speaker and to the health 
of the community to know how mean- 
ing is being reproduced, to see meaning, 
that is, in its cultural and psychological 
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context. It is necessary to know the 
purpose that selects the language of 
comic books, of newspapers, of political 
speeches, of scientific reports, of philo- 
sophical discourse, of poetry, of baby 
talk. The student reading is the stu- 
dent taking note of meaning and of the 
way meaning is conveyed. 

The student writing or speaking is 
the student attempting to make lan- 
guage do what he wants it todo. He is 
writing “something for someone to 
read,” or saying something for someone 
to hear. 

In freshman courses in composition, 
drill in mechanics is not of first im- 
portance. The first rule of rhetoric is: 
Keep the eye on the object; and the 
student must be trained to look out- 
ward (at first, at least) rather than 
inward. To get the student into the 
habit of taking note of what is really 
happening, to teach him to focus clearly 
on the event or the thing and habitually 
to use language accordingly, is the aim 
of an education in language use. 


5. Literature 


There are teachers who feel that the 
social, psychological, and historical ap- 
proaches to the study of literature are 
inimical to the beauty of literature. To 
these teachers, social analysis debases 
a work of literary art by lowering it to 
the level of everyday “facts” ; and facts 
are somehow always ugly and sordid. 
To these teachers, the psychological 
analysis is a vulgar forcing of entrance 
upon the writer’s private life and a 
slanderous soiling of his reputation. 

To these teachers the historical 
method of analysis, which treats liter- 
ature as symbolic of the age in which 
it was written, denies literature’s high 
claim to universality, and, like the 
social approach, lowers a literary work 
to the level of transient events and 
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ephemeral interests. Instead of hay- 
ing social, psychological, or historical 
implications, literature, to these teach- 
ers, is an absolute and unrelated ex- 
perience. 

The purpose of the study of any sub- 
ject-matter is not only to know, but to 
be able to do something with what one 
knows. To this end, it is necessary to 
develop in the student an inquiring 
frame of mind, which is really a criti- 
cal frame of mind. To be uncritical is 
to be nothing and to do nothing. The 
uncritical attitude is the parasitic and 
egocentric attitude, construing the 
world as “host,” ministering to the com- 
fort and pleasure of the guest. Great 
works of literature are a challenge, not 
a gift or an opiate. I am very much 
afraid that literature taught as “pure” 
and unattached expression encourages a 
receptive and passive attitude of mind, 
and passivity ought not, surely, to be 
the aim of education today. Moreover, 
the conduct of the work in the class- 
room ought to be such that the stu- 
dent is encouraged to do something 


with his material, to make something 


out of it. 

Literature taught as the eloquent 
representation of the spirit of an age 
engages the student in a critical en- 
counter from which he will emerge less 
passive and more intelligently inquir- 
ing. Literature taught as symptomatic 
of the inner feelings of the writer not 
only tells a truth—the truth about the 
writer—but truths about the incredibly 
complicated and incredibly wonderful 
structure of the human _ personality. 
Although the perfect society may have 
no need of literature—as Plato has said 
—the imperfect society obviously has. 
Literature by its very nature is func- 
tionally related to the social back- 
ground. Literature as a criticism of 
life is nothing new under the sun. So 
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long as life in society exists, literature 
must always serve as the most vital 
commentary on the experience of hu- 
man beings living together. 

A great work of art is not belittled 
by a technique of analysis but only by 
little minds using a technique of analy- 
sis. We do not have to worry that 
curiosity will take the pleasure or the 
beauty or the nobleness out of litera- 
ture. The beauty and nobleness of a 
great work are quite capable of taking 
care of themselves. 


6. Philosophy 


One of the famous philosophers of 
antiquity was Heraclitus of Miletus. 
Few words of Heraclitus survive, but 
of those that remain three are adequate 
to describe his philosophy: “All is 
flux,” he said. Although removed in 
time by some twenty-five hundred years 
from Heraclitus, we understand him 
perfectly. The twentieth century is 
characterized by the displacement of 
energy and by the displacement of per- 
sons. 

Yet this insistence upon a world in 
process, where time and space are in- 
extricably bound up with motion, and 
change is of the essence of experience, 
does not quite square with our inner- 
most intuitions. Whatever the sub- 
microscopic world may consist of, what- 
ever analysis of matter may yield in the 
form of atomic structure, to the naked 
eye, to the man ploughing his field, to 
the boy and girl walking hand in hand, 
all the universe has the aspect of es- 
sential permanence. 

The purpose of older philosophers, 
and especially of those that in one way 
or another derive from Plato, has com- 
monly been to find the permanent 
within the transitory ; for to the intui- 
tion, the good life depends in large part 
on a constant awareness of an abid- 


-osophers of ancient Greece. 
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ing reality, on values which are qualita- 
tive and enduring. 

- The purpose of more modern philoso- 
phies has been largely critical. And 
this purpose also derives from the phil- 
It was 
Socrates the gadfly who annoyed the 
citizens of Athens with his insistent 
questioning. In the twentieth century 
A.D., Alfred North Whitehead has said 
that “Philosophy, in one of its func- 
tions, is the critic of cosmologies. . . . 
It has to insist on the scrutiny of the 
ultimate ideas, and on the retention of 
the whole of the evidence in shaping our 
cosmological scheme.” * 

I would -have every undergraduate 
know something of each of these two 
purposes of philosophy. Readings in 
the great philosophers will acquaint the 
student with the sublime ideas of phil- 
osophy, and the right kind of instruc- 
tion (the Socratic is still probably the 
best) will seek to inculcate in the stu- 
dent the skeptical frame of mind. In 
youth, at least, a clarity of vision, a 
freedom from importunate dogma, and 
a measure of trust in one’s own intui- 
tions is possible. Human beings are 
given to putting all manner of construc- 
tions upon experience. The perennial 
task of philosophy is to examine these 
constructions and to lay bare their 
basic assumptions in the everlasting 
pursuit of the good life. 


7. Psychology 


There is a notion current among 
those who have never made a formal 
study of psychology that the subject is 
a secret key for unlocking the mysteries 
of human personality for the purpose 
of manipulating other people. It is 
said that psychology will teach one how 

8 Alfred North Whitehead, “Science and 


the Modern World,” “Preface” (New York: 
The Macmillan Co., Inc., 1946). 


y much a 
“pure” 
nderful 
. q 
onality. 
bY 
as said 
s func- 
back- 
‘ism of 


344 


to get along with other people, which 
when translated means how to get out 
of others what one wants without hav- 
ing those others take offense. The 
many fakers who have exploited and 
perverted the findings of psychology 
have brought an unfortunate discredit 
upon one of the most important studies 
in a Humanistic education. 

The critical motif of modern psychol- 
ogy is the hypothesis that the normal 
is a relative, cultural ideal and that 
aberrations are deviations from a 
theoretical standard. This means that 
psychology looks at behavior not as 
something standing by itself and ready 
for judgment, but as symptomatic of 
what is going on inside the individual 
or the group. Psychology examines 
the character of psychological needs and 
of psychological compulsions, which 
differ in different social orders. Psy- 
chology examines the nature of per- 
sonality, of the learning process, of the 
effect of cultural ideals, and of habit. 

However, psychology has grown out 
of, and is in a very real sense still, a 
subdivision of that ancient and august 
disicpline, philosophy. It has been said 
of William James, for instance, that 
“he approached life theologically but 
proposed to deal with it scientifically.” + 
Since psychology investigates the con- 
scious and the unconscious processes 
of the human mind, it does not always 
achieve to the larger measure of de- 
tachment afforded the biological and 
physical sciences.. Therefore, psy- 
chology not only asks scientifically why 
people behave as they do, it is philos- 
ophical in that it attempts to promote 
social understanding and to guide the 


V. Smith, “Modern American Philoso- 
phers” in “American Writers on American 
Literature,” edited by John Macy (New. 
York: Horace Liveright, Inc., 1931), page 
364. 
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individual toward that wholeness of 
personality which is mental health. 


8. Science 


Except for a few fanatical science- 
haters, no one doubts the need for the 
inclusion of science in any undergrad- 
uate curriculum ; and since an engineer- 
ing education is primarily an education 
in scientific reasoning, it would be su- 
perfluous and vain for me to argue the 
importance of science. But I want to 
talk briefly about “science” from the 
Humanistic point of view. 

Because it is analytical in its tech- 
niques, science has been called mur- 
derous and destructive; because it is 
detached and skeptical in its approach, 
science has been called the enemy of 
religion; because modern warfare has 
used the discoveries of science with 
monstrous and inhuman results, it has 
been sought out as the scapegoat for 
the guilt which modern man cannot 
wash his hands of ; because science has 
made possible the technological suc- 
cesses of modern industry, it has been 
held up as the creator of Frankenstein 
monsters who feed on human beings. 

Now indeed there my be scientists 
who are homicidal maniacs, and there 
may be scientists who are “atheistical.” 
There may be scientists who love to 
fashion the bloody weapons of war, and 
there may be scientists without the 
slightest sense of human values. But 
of this I am sure: These inhuman traits 
are not to be found exclusively among 
the men of science. Einstein is not 
the villain of the piece. It is not “sci- 
ence” which is to blame for the ills of 
the world. It is, among other things, 
the use to which Everyman has put 
science. 

Science has a passion for the repeti- 
tive and the predictable. Intolerant of 
caprice, science finds measure and or- 


der in 
tures 
known 
becaus 
no gui 
to be s 
it does 
its eye 
a fond 
fact.” 
theorie 
practic 
In o 
life lik 


investi 
affairs 
is effic 
of its | 


9. Soc 


To 
the as] 
ing al 
agree 
transi¢ 
isa nt 

In 
the id 
world- 
tury, ¢ 
tially 
folding 
of a 
ally v 
teenth 
the n 
“histo: 


| 
| 
world 
have t 
reason 
ritual, 
prying 
would 
science 


eness of 
alth. 


science- 
1 for the 
dergrad- 
ngineer- 
ducation 
d be su- 
rgue the 
want to 
rom the 


its tech- 
ed mur- 
ise it is 
pproach, 
nemy of 
fare has 
ice with 
s, it has 
goat for 
| cannot 
ence has 
cal suc- 
nas been 
kenstein 
beings. 
cientists 
nd there 
eistical.” 
love to 
war, and 
out the 
2s. But 
an traits 
among 
1 is not 
10t “‘sci- 
e ills of 
things, 
has put 


» repeti- 
erant of 
and or- 


WHAT EVERY ENGINEER SHOULD KNOW 


der in the facts of nature. Science ven- 
tures fearlessly to explore the un- 
known. Science makes mistakes, but 
because it knows its mistakes, it knows 
no guilt. Science is skepticism—it has 
to be shown. It will not believe what 
it does not see and hear. Science keeps 
its eye on what is happening, and has 
a fondness for the “irreducible brute 
fact.” And in the application of its 
theories, science seeks to make the ideal 
practicable. 

In other words, the scientific view of 
life like the aesthetic and philosophical 
is a strategic way of redeeming the 
world and experience. What I would 
have the layman know is that science 
is an efficient and fruitful method of 
reasoning, not an occult and mysterious 
ritual, and not in itself an ill-advised 
prying into perilous secrets. What I 


would have the engineer know is that- 


science is not an ivory-tower kind of 
investigation set apart from human 
affairs, but a way of reasoning which 
is efficient and fruitful only in terms 
of its effect on human beings. 


9. Social Process 


To the soul of modern man life has 
the aspect of eternal mutability. Noth- 
ing abides, and with Heraclitus we 
agree that all is flux. The stars are 
transient in the heavens, and the atom 
isa nucleus of restless energy. 

In nineteenth-century thought also, 
the idea of change was a part of the 
world-view. But in the nineteenth cen- 
tury, change was a phenomenon essen- 
tially systematic, and flux was an un- 
folding of events, and the working out 
of a premeditated or at least of an initi- 
ally well-organized plan. The nine- 
teenth century established for posterity 
the notion of social progress. That 
“history” marches steadily “forward” 
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toward some far-off divine event was 
and still is a stock idea in the minds 
of many people. 

The concept of progress had its birth 
in the eighteenth century where it 


flourished in the thought of brave new 


social speculation. In the nineteenth 
century, supported by technological in- 
vention and the expansion of empire, 
it came of age and was given scientific 
sanction in the theory of evolution. 
To the end that he may be abreast of 
the intellectual activity of his time, 
and most particularly that he may be 
prepared to apply a critical apparatus 
to nineteenth-century theories of prog- 
ress, I would have the engineering un- 
dergraduate enjoy more than a nod- 
ding acquaintance with the ideas of 
social evolution. ee 

Social theories of progress are in- 
separable from biological theories of 


evolution. In both history and biology ~ 


the theory of evolution indicates devel- 
opment from simplicity to complexity, 
from homogeneity to heterogeneity, 
and from low to high organization. In 
the eighteenth-century theory of prog- 
ress, society “ascends” of necessity 
from tribal superstitions to the social 
justice and social equality of the golden 
age. In the organic theory of history, 
civilizations follow a curve of develop- 
ment which begins with birth, describes 
a peak of maturity, and descends into 
senility and disintegration. In the 
dialectical-materialistic theory of his- 
tory, human society, by discontinuous 
evolution is ever re-synthesizing to- 
ward the event of perfect organization. 
In the philosophy of “Becoming,” each 
event springs full-fledged from space- 
time as a new creation. In biology, the 
Darwinian theory of natural selection 
postulates a struggle for existence 
among individuals. Individuals with 
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favorable variations will survive while 
those with unfavorable variations will 
die or fail to reproduce. “Thus natu- 
ral selection will act constantly to im- 
prove and to maintain the adjustment 
of animals and plants to their sur- 
roundings and their way of life.”*® In 
nineteenth-century social thought the 
theory of natural selection was used 
as scientific sanction for “social selec- 
tion,” in which the fittest was under- 
stood as the shrewdest, thriftiest, and 
most industrious. In twentieth-century 
social thought the law of selection be- 
comes in the hands of Alfred North 
Whitehead and other liberal thinkers 
support for the theory of universal so- 
cial cooperation. ; 

Problems of social causation, of the 
cultural lag; of social organization, of 
social planning, of crisis, of political 
and cultural change are all discussable 
today in terms of social dynamics. 
Actually the basic problem of social 
dynamics is not so complicated as it 
looks. Fundamental to our world-view 
today is, as I have said, the belief in 
the inevitability of change. It is true 
that social ideas are subject to change. 
I think we may assume that no social 
order is absolute. But some social or- 
ders are infinitely nearer the heart’s 
desire than others. We cannot legis- 
late for eternity; nevertheless we can 
direct the evolution of our culture if 
we wish. What I would have the un- 
dergraduate know is that theories of 
the historical process are constructions 


experience—that they are not neces- 
sarily “true.” Sometimes they are 
sheer intellectual exercises ; but mostly 
they are ways of articulating our deep- 
est hopes for social well-being. 


5 Julian Huxley, “Evolution, The Modern 
Synthesis” (New York: Harper and Broth- 
ers, 1942), page 16. 
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10. Technics 


In the ASEE “Report of the Com- 
mittee on Academic Tenure, Profes- 
sional Service and Responsibility” ® the 


‘authors recommend that engineers 


study the ideals of Thomas Jefferson as 
the basis for an ethic for engineers. 
This is a curious but not uncommon 
inconsistency. Very nearly everyone 
admires Jefferson for his humanity; 
but Jefferson’s philosophy sprang from 
a profound conviction that the agrarian 
way of life was the best way of life. 
He did not approve of the industriali- 
zation of the American nation. He 
wanted to revive the glory that was 
agricultural Greece. If I remember 
correctly, he said that the great cities 
of the North with their growing fac- 
tory systems would breed Roman 
mobs, ignorant of the responsibilities 
of the democratic way of life, and the 
prey of demagogues. 

But whether or not Jefferson ap- 
proved of industrialization made little 
difference. Willy nilly, the industrial 
revolution was subsequently to shape 
the destiny of the western world in a 
far more thoroughgoing fashion than 
the physiocratic ideals of Thomas Jef- 
ferson. The American nation became 
a mechanized one, and American cul- 
ture was formed out of the unbelievable 
industrial successes of the nineteenth 
century. Our attitudes and our values 
are conditioned by the technological 
environment in which we live. 

New sources of energy whatever 
they may be or from wheresoever they 
may come are discoveries of inestimable 
influence on the cultural life of the peo- 
ple who use them. Henry Adams in 
“The Education of Henry Adams” has 
already estimated the difference be- 


6 Journal of Engineering Education, 36: 
601-11 (June, 1946). 
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tween the power of the Virgin of Char- 
tres and the power of steam. “All the 
steam in the world,” he said, “could 
not, like the Virgin, build Chartres.” 
It is true that steam could not build 
Chartres Cathedral, but the ideals of 
a commercial society, part and parcel 
as they are of the power of modern 
technology, did build the skyscrapers 
of the great cities of America. 
Mechanization has meant mass pro- 
duction, which in turn has changed our 
minds about many things. Mechaniza- 
tion has meant a new type of human 
labor, new wants, new satisfactions, 
new visions—in short a totally new 
historical predicament, with, some 
say, an attendant dehumanization of 
man.  Mechanization has meant 
changes in social theory, in social plan- 
ning, in social organization, and in eco- 
nomic experiences, changes which 
would have been unthinkable to our 
grandsires. But mechanization has 
even deeper effects on our way of life. 
Mechanization has brought into being 
new theories of space, mass, energy, 
and matter, having ultimately a pro- 
found religious significance. It is im- 
portant for the engineer to know that 
by the very nature of his work and his 
technological inquiries he is shaping 
the destiny of our cultural complex. 


II 


And now I must dwell for a moment 
on what these categories are not. 

These categories are not to be 
thought of as “courses” with a specific 
subject matter. I am not speaking in 
terms of courses, credit hours, or de- 
partments. I am concerned only with 
ideas and with attitudes of mind. For 
instance, one of the categories is “lit- 
erature.” I am not speaking of 
“courses” in English or in American 
literature. I mean that there is a 
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wonderful way of thinking and talk- 
ing about life which is literary rather 
than, say, journalistic or scientific. I 
mean that undergraduates ought to 
know something about this way of talk- 
ing about life. In other words, I am 
thinking not so much of subject matters 
as I am of points of view. The con- 
cept of cultural relativity, for example, 
should become for the student one of 
those pivotal points of reference in the 
same sense in which a prejudice is a 
point of reference, or any cherished 
belief. 

The concepts which form the com- 
pendium of knowledge should be un- 
derstood as the essential equipment for 
a man of the world. Under no circum- 
stances are they to be thought of as 
tools to a profession or trade. These 
categories are the common body of 
knowledge which inoculate the student 
against the disease of provinciality and 
save him for the world and for himself. 

I do not think of these categories as 
departments of knowledge to be “stud- 
ied” exhaustively in seminars, so that 
the student may become a “specialist” 
in any one. The danger of super- 
ficiality is not so great as we make it 
out to be. It is enough in some re- 
spects to know that these categories 
exist. It is enough to subject students 
to them if for no other reason than to 
broaden the undergraduate’s area of 


tolerance for ideas and points of view. 


Just to know, for instance, that there 
is a psychological life for each one of 
us and that there are psychological 
needs as important as bodily needs and 
that there is an efficient way of talking 
and thinking about these needs is a long 
stride away from a foolish complacency. 
The greatest thing we have to fight as 
educators is bumptious ignorance of 
the areas of investigation (from sur- 
realist painting to atomic physics) in 
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the thought of the modern world. It is 
necessary on occasions to appreciate 
one’s own ignorance. To be intelli- 


that he does not know, but that there 
are ways in which he can find out if he 
will. 


III 


Thus far I have been talking about 
the student. What shall we say about 
the teacher? It is the perennial chal- 
lenge of the teacher to win his students 
over to a fondness for the material with 
which they are working together. 
How shall this be done with engineer- 
ing undergraduates in the Humanities? 
It is not accomplished by treating engi- 
neering students as though they lacked 
the graces of drawing-room life and 
needed to be decked and ornamented 
with “cultural” embellishments. Even 
young people do not like to be pa- 
tronized. It is not accomplished by 
preaching sermons on the engineer’s 
alleged ignorance of social issues and 
of social values. It is not accomplished 
through drill on purpose to the accu- 
mulation of miscellaneous information. 
And to the eager young minds of stu- 
dents today it is certainly not accom- 


were gathered twenty years before in 
preparation for the professor’s doc- 
toral dissertation. 

It should be obvious by now that 
general education in the Humanities 
calls for specially trained instructors 
who are interested primarily in teach- 
ing and not in research, who are inter- 
ested in today’s world first and yester- 
day’s world for what it has to give to 
those who are young and alive, who 
believe that critical analysis is a vital 


believe that vested interests in depart- 
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dissolved. The new teacher must him- 
self have had a broad, general educa- 
tion, and he must be as fearful of one- 
sidedness in himself as he is fearful of 


- onesidedness in his students. The new 


teacher will not want to spend his time 
policing his special preserve. He will 
prefer to venture into many fields of 
learning with an open mind and a criti- 
cal eye. A “teacher” is something 
more than a repository of knowledge 
of a small field of investigation. A 
teacher teaches students not the con- 
tents of a textbook. And in this re- 
spect, the good teacher is fully creative, 
for when he talks about ideas with his 
students, he brings those ideas to life 
in a new context and a new synthesis. 
The content of a course is soon for- 
gotten. Even a skill is diminished with 
lack of use. The teacher’s success is 
measured by the attitudes which he 
inspires in his students. 


IV 

“The uncritical life,” said Socrates, 
“is not worth living.” 

Socrates was a teacher, and he knew 
what he was talking about. Education 
is, or ought to be, systematic criticism. 

There are some people who think of 
criticism as mere fault-finding, and 
they have no use for it, especially if it 
attacks their own self-interests. But 
criticism as Socrates meant it is not 
fault-finding. It is the process of re 
pairs and renewal in social life. And 
social life, any more than human life, 
cannot survive without repairs and 
renewal. Indeed, today it is necessary 
to emend Socrates’ statement to read: 
Without criticism there can be no life. 

Education—education of the whole 
man—believes in criticism as a process 
which is always going on, and always 
going on from within. Education is 
not interested in patching the surface 
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wounds, because it knows that patch- 
ing is ultimately only makeshift; and 
education has to go deeper than make- 
shift. Education is not concerned with 
changing the content of a course, or 
with adding a new course to the cur- 
riculum, or with reorganizing the con- 
ventional courses into a new pattern. 
All this is mere evasion. Education is 
concerned with attitudes ; and attitudes 
are repaired from within outward, so 
that what is achieved is a new begin- 
ning, a commencement. 

It is inevitable that if an organiza- 
tion is ill it should be repaired. A civi- 
lization is renewed by education, and 
this means by the education of peo- 
ple, of each individual person. People 
are the parts of a civilization, and it is 
by changing their minds that the civi- 
lization survives. Sometimes people’s 
minds are changed for them; but we 


do not like that to happen, and we 
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would rather that intelligent criticism 
should persuade people to change their 
minds. 

Civilization will survive, even if they 
have to arise from their ashes. But 
we do not want to play the phoenix; 
we want to endure and change and 
endure. Now it would be a crime 
against nature and the inevitable to 
hinder or to thwart renewal. And the 
wise man will want to take part in the 
inevitable, because it is in this taking 
part that he will find his greatest happi- 
ness, and he will wish to play the role 
of prophet and be forever forward 
looking. 

In education today we have no choice 
but to do what we must do. We must 
train for social intelligence. With re- 
lentless logic, world events and world 
ideas are moving toward the obvious 
necessity of social enlightenment for 
all. 


| 4 
. 
q 
: 


What is This “Culture” ?* 


By A. M. BUCHAN 
Washington University 


It is, of course, a high honor for a 
teacher of literature to be asked to ad- 
dress a group of engineers and engi- 
neering educators. It is also a strange 
portent. Until recently, the relation- 
ship between the man of letters and the 
engineer has not been particularly cor- 
dial. The literary man, patron of the 
fine arts and something of an aesthete, 
has looked down on the engineering 
student as a sort of barbarian; in the 
words of Professor Gilkey of Iowa 
State College, “an indispensable but 
uncouth, smelly and _ ill-dispositioned” 
creature, “a greasy illiterate individual 
who sure can use a monkey wrench and 
a slide rule but who is naught but an 
embarrassment and a liability in polite 
society.” The engineer has responded 
with a similar contempt. He himself is 
rough, masculine, practical, scornful of 
fine phrases and sentiments; and he 
despises the man of letters as a sissy 
who talks a language too nice for or- 
dinary people and indulges in attitudes 
more appropriate to women than to 
men of affairs. 

Recently, however, a change has 
taken place in this relationship. The 
engineer, going into a world only part 
of which he makes, hungers for a polish 
and social ease that he thinks he recog- 
nizes in his professional companions, 
the doctor and the lawyer. Anxious to 
be thought a gentleman as well as a 


* Presented at the 55th annual meeting, 
A.S.E.E., Minneapolis, June 17-21, 1947. 


practical fellow, he turns to teachers of 
literature and history and even phil- 
osophy to make up the arrears of his 
“culture.” Overnight he has become 
aware of the explosive core of the 
world he has niade and he wonders— 
rather humbly, one believes—if he has 
the spiritual stamina to keep that world 
intact. On the other hand, the teacher 
of literature is not content any longer to 
accept from the engineer the thousand 
and one items of civilized comfort that 
make it possible for him to pretend to 
be a gentleman. This barbarian gets 
things done. He moves rivers and 
mountains, and not by faith. He ereets 
great machines and taps unimaginable 
sources of power to drive them: he 
makes all old conceptions of tragedy 
seem inadequate. Is it wise to tum 
this powerful creature loose on civiliza- 
tion without informing him about Mil 
ton’s belief in the ways of God or 
Shakespeare’s conviction that 


is excellent 
To have a giant’s strength, but it is tyran- 
nous 
To use it like a giant’? 


The engineer, being practical, has al- 
ready taken the problem in hand. Sev- 
eral reports have been drawn up about 


the training of students, and the engi- 


neer’s hope for himself is reflected im 
what he wants done in the school. The 
two most extensive reports, the 1940 
one on Aims and Scope and the 194 
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one on Engineering Education after the 
War, sketch rather clearly the outlines 
of the cultural pattern that is desired 
and the responsibility placed on the 
teachers of humanities for the new de- 
sign. The statement of the 1940 report 
was admirable, and though it has been 
quoted many times, it is worth sum- 
marizing again: it recommends the de- 
velopment, in students of engineering, 
of the “ability to read, write, and speak 
the English language effectively.” It 
suggests that these students should be 
able “to understand, analyze, and ex- 
press the essentials of an economic, so- 
cial, or humanistic situation.” It sets 
up the goal of the development of an 
“adequate concept of the duties of citi- 
zenship in a democratic society, an ac- 
quaintanceship with the enduring ideas 
and aspirations which men have evolved 
as guides to ethical and moral values, 
and an appreciation of cultural interests 
lying outside the field of engineering.” 
This statement of aims contained in 
the 1940 report was repeated in other 
phrases in the 1944 report and has been 
approved repeatedly by educators and 
business executives in the JOURNAL 
and other magazines. Professor Bron- 
well of Northwestern, for instance, in 
sumarizing the 1944 report, listed these 
among the aims of an engineering edu- 
cation : 
the “inculcation of a philosophy of life 
and a set of values including a profes- 
sional attitude, moral and ethical princi- 
ples, a sense of responsibility and eager- 
hess to contribute to the advancement of 
society and the profession”; with an “ap- 
preciation of the higher forms of expres- 
sion—literature, art, philosophy, and mu- 


ip 


SIC. 


Professor Elliott Smith of Yale drew 
up this version of the aims: 


“They are to prepare the engineering stu- 
dent to learn from study and experience 


throughout life to serve society, to live 
his own life well, and to work well with 
others.” 

Mr. Hazeltine, a consulting engineer 
of New Jersey, having in mind the same 
reports and purposes, wrote about a 
training for engineers that would “pro- 
vide the fullest understanding of the 
contemporary world,” and that, while 
including the timeless basic sciences, 
would “link with the past through 
courses in history and literature.” In 
the May Journat, Professor McEnany 
of Rice Institute was requoting from 
the 1944 report and emphasizing how 
important it was for engineers to be 
introduced to the great books and the 
great ideas of mankind, as well as how 
necessary it was for them to make 
“their own satisfactory adjustments to 
personal and social situations.” 

With all respect for these excellent 
reports and for the many favorable 
comments on them, I’d like to suggest 
that the aims set are far too high. 
What they demand is not a kind of 
education for engineering students or a 
form of culture for engineers them- 
selves, but a form of salvation. If these 
exalted aims are to be retained, the 
question before us must be stated in 
different words. It should not be 
“What is this culture that engineers 
should cultivate?” but rather “What 
must the engineer do to be saved?” 
These aims can scarcely be presented 


as realizable in terms of fallible human 


beings, crowded curricula and quite 
imperfect teachers of the humanities 
which, presumably, will be the scrip- 
tures of this gospel: they seem to con- 
sider the process of education as Bun- 
yan considered the progress of Chris- 
tian—a pilgrimage from a city of de- 


_struction to a celestial city. And no 


education, certainly not the literary 
kind with which I am reasonably fa- 
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miliar, is able to bear such a responsi- 
bility. 

Let us look at one or two of these 
stated objectives and see how even the 
best forms of training fall short. 

One excellent goal proposed is “de- 
velopment of the ability to read, write, 
and speak the English language effec- 
tively.” This has been, as you know, 
a goal of English departments from the 
old days of training in rhetoric to our 
up-to-date practices—not noticeably an 
improvement—of theme-writing and 
training in speech, and yet with all 
of our experimentation we lag far be- 
hind the goal set. Businessmen still 
complain bitterly about the illiteracy of 
our students, and neither our talk nor 
our platform speaking does much credit 
to teachers of speech and composition. 
It may be that this ideal of an “effec- 
tive” use of the language, in speech and 
writing, has been fostered in the tra- 
dition of the great writers and the great 
orators, and that, trying to do too 
much, trying to make artists of lan- 
guage out of people who will never need 
more than a craftsmanlike handling of 
their tongue, we miss the near goal of 
literacy in seeking the far one of mas- 
tery. It is this immediate problem of 
the higher illiteracy that we must work 
at, doing what is feasible to loosen and 
sharpen the tongues and pens of en- 
gineers as of other professional folk. 
Let us recall Dr.’ Burdell’s temperate 
statement given to this group last sum- 
mer: 


“Any program of college studies quite ob- 
viously needs to provide for training in 
the use of English and for the develop- 
ment of acceptable speech habits... .” 


“Training in the use of English,’— 
there is a manageable aim: and “the 
development of acceptable speech hab- 
its” comes within the, reach of a col- 


- tary human situation. 


lege program. However, among these 
acceptable habits, as a mark of the cul- 
ture of an engineer, may be a break 
with the abundance of mere fluency that 
marks politics, the church, and all too 
frequently the university as well. May- 
be the engineer, unlike the columnist, 
the politician, the minister, and the 
“liberal” professor, ought to cultivate 
a bare speech, opening his mouth only 
when he has something to say and say- 
ing it like the stroke of a hammer. 

A second aim proposed is the one of 
“understanding and expressing the es- 
sentials of a social or human situation.” 
Here is one of the toughest of possible 
assignments. The simplest of social 
situations, such a one, for example, as 
reckoning the number of dollars an 
hour that a carpenter earns, are hard to 
understand, especially if one gets down 
to essentials. There are very few of 
us, besides, who are at all competent 
to explain or analyze even a rudimen- 
The social 
worker, the psychologist, the psychia- 
trist and the priest toil overtime at this 
job and are perpetually baffled. Let 
us take the situation of the veteran mak- 
ing an effort to adjust to study, to 
teachers such as we are, to a life sud- 
denly stripped of excitement, and to 
the job of making ends meet: who is 
fit to understand or to explain it ex- 
cept in fragments and in the mood of 


a totally inadequate pity and respect? 


It may be said categorically that no 
social or human situation is ever fully 
understood or expressed, and certainly 
we have to be satisfied with much less 
in our hopes for engineering students. 
An instance from the field of literature 
will help make the problem clear. You 
have probably heard that for some 
three.and a half centuries scholars have 


‘ been debating whether a certain prince 


called Hamlet was mad or not, and 
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students of drama must still try to ex- 
plain to conventionally-minded people 
the wisdom of Dora’s leaving her hus- 
band at the end of Ibsen’s “Doll’s 
House.” These and other literary situ- 
ations are fixed, recorded on the page, 
and unchanging except by the critics’ 
imagination: how, if these static prob- 
lems are still being debated, can we 
hope to understand or explain the 
fluid, complex problems of any man’s 
day? 

Once again, instead of the idealistic 
words of the reports, I’d like to refer 
to Dr. Burdell’s admirable emphasis, 
not on ready-made or easily-got solu- 
tions but on “the development of a 
problem-solving ability.” The more 
precisely these problems are examined, 
the less apt is any cultivated man to 
suppose that he fully understands or 
can explain them. 

In connection with this, an article ap- 
peared not long ago in the JourNAL. It 
was entitled “What Industry expects 
of Engineering Education after the 
War” and was written by an executive 
of a large electrical company. This 
paragraph was a most interesting one: 


“No matter how fine a man’s technical 
qualifications may be, in order to take an 
important place in industry today he must 
know people as he never knew them be- 
fore. He must be able to differentiate 
between the good and the bad, the true 
and the false, the worthwhile and the un- 
important. He must study and know the 
reactions of people just as he studies and 
knows the reactions of material things.” 


In a sense this pronouncement is 
thoroughly sound because it brings into 
focus the importance of personal rela- 
tionships in industry. As was brought 
out from the questionnaires summarized 
in Mechanical Engineering for April 
last, business men want graduate engi- 
heers to be men as well as technicians, 


men who are secure in themselves and 
so free to meet and work with other 
men. In another sense, however, these 
sentences from the article are quite 
frightening. For they imply that it is 
possible to know the reactions of people 
as one knows the reactions of material 
things. They suggest that a man be- 
hind a desk in an office can tell whether 
another man, sitting before him being 
interviewed, is good or bad, true or 
false, worth something or worthless. 
They imply that a competent executive 
is able to size up a human situation and 
not only understand it fully but feel 
confident enough to say, “I’m sorry. 
I can’t hire you. You’re no good!” 

If there is one lesson in great litera- 
ture—and there are fewer such lessons 
than many readers suppose—it has to 
do with the menace of this form of 
judgment. In the 14th century in Eng- 
land, a writer by the name of Chaucer 
passed a number of his contemporaries 
through his hands. Very few of them 
were estimable, because the churchmen 
were neither holy nor faithful to their 
charge, and the professional men, like 
such men still, were more concerned 
with the main chance than with the 
good of society. And yet this writer, 
a wizard with words and rhymes, had 
a deep liking for these not-so-good 
characters he sketched in the “Pro- 
logue.” With more of the spirit of 
inquiry in him than of the spirit of 
judgment, he had a broader sanity 
about the society of his time and about 
human nature than almost any other 
observer. Better than most people he 
understood and wrote about social and 
human situations, but he was certainly 
the last to refer to his fellows as good 
or bad, true or false, worthwhile or 
worthless. And this fine suspension of 
judgment that he and others among 
the great men of letters have exercised 


. 
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in recording the stories of men, is still 
one of the marks of the cultivated per- 
son. Whether another man is useful 
or not for his immediate purpose—this 
verdict the engineering executive is 
fully within his rights to pass, but 
whether the man is good or bad is a 
judgment of a totally different order 
of value, and few of us are in a position 
to exercise it. 

One more of these aims, as set out 
in the official reports, bears mention- 
ing, because it is in line with a notice- 
able trend in colleges of liberal arts. 
We have been hearing a great deal 
recently about great books and great 
ideas, and lists of the books containing 
these portentous ideas have been drawn 
up by various scholars who fancy 
themselves as authorities. No one, of 
course, who has studied Plato or Spi- 
noza or John Locke or John Stuart 
Mill would ever seek to underestimate 
the power of these men’s thought, and 
this is probably why the committees on 
engineering education recommend an 
“acquaintanceship with the enduring 
- ideas and aspirations which men have 
evolved as guides to ethical and moral 
values.” Yet it is still true that the 
distortion of a great idea is a thor- 
oughly evil idea, that propagandists use 
noble ideas for their own mean ends, 
and that a half-understanding of a great 
book has been too often in the history 
of the world the greatest obstacle to 
progress. It may be wiser, one imag- 
ines, not to mention Immanuel Kant at 
all than to leave students with the no- 
tion, easily taken from Kant, that the 
moral will has nothing to do with living 
emotions. If the great ideas are to be 
taught so that they will fit into a broad 
and useful cultural pattern, they must 
not be handled in the off-hours of the 
curriculum, or by instructors whose 
knowledge of them has been picked up 
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by the casual familiarity of a course in 
the “great books.” 

It begins to appear, then, that some 
of these cultural aims, admirable as 
they are, may readily be overstated. 
After all, what concerns myself and 
other teachers of literature is not in 
essence the moral welfare of the engi- 
neer, which might conceivably suffer at 
our hands. We are allowed a fraction 
of about ¥4 of a four or five-year cur- 
riculum, and into those few hours of 
teaching and conference we can not be 
expected to cram the skills of writing 
and speech, the knowledge of great 
literature, and the foundation of a 
sound philosophy of life. 

One or two precautions, in fact, are 
in order about literature as it is taught. 

Though one regrets having to repeat 
the charge, it is true that the majority 
of courses in literature, as given in 
liberal arts colleges, will have no cul- 
tural force on students of engineering. 
These courses were designed and are 
being run for specialists, the specialty 
being literary research which, in its 
own fashion, is as technical a pursuit 
as the testing of materials or the prin- 
ciples of acoustics. Unfortunately even 
the so-called “survey” courses in litera- 
ture are taught by men who are com- 
pelled, by the rigors of the academic 
game, to think more highly of literary 
and textual criticism than of whatever 
other values great literature possesses. 
Foisting these courses on engineers will 
likely breed a firm distaste for litera- 
ture and prevent the engineer from 
ever meeting, on a common ground, 
the man of letters. 

The study of literature, too, is unlike 
many other studies. One does not ac- 
quire a knowledge of literature as one 
absorbs by persistent effort the facts 
of history, let us say, or the formulae 
of chemistry. One grows up with 
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books, as one grows into friendship; 
and so to grow into a subject generally 
takes more time than administrative 
officials are willing to dole out. Slow 
careful reading, quiet and persistent 
talk, the trick of coming back again and 
again for another reading of a familiar 
passage—these are among the habits 
by which literature passes into one’s 
bones and sinews. And they are habits 


difficult to foster by emergency changes. 


in curriculum. 

Another point must also be made. 
Although as a lover of literature I hate 
to make the confession, the influence of 
great literature is not, as has been com- 
monly assumed, either certain or uni- 
versal. A man may be too stupid or 
too busy or too deeply immersed in 
facts or too much of a propagandist 
ever to appreciate the plays of Sopho- 


cles or Shakespeare or to sympathize 


with Thoreau’s flight from the world 
of affairs to Walden Pond. Because 
some books are great is no reason for 
supposing that they furnish all the an- 
swers. Literature, in fact, poses more 
problems than it solves, and it main- 
tains, persistently and with absolute 
assurance, that we cannot, as the execu- 
tive proposes we should, “know the re- 
actions of people as we know the re- 
actions of things.” To the last explo- 
sion of the last atomic bomb, man will 
have in him, say the great writers, a 
quality that is imponderable and not 
to be measured by the finest instru- 
ments of the laboratories. For any- 
body, therefore, who likes to live with 
certainties and who wants his culture 
with the union label attached, literature 
offers little. It offers fear and humility 
rather than arrogance and display. 
With all of its inadequacy as a gos- 
pel, however, it may have something 
to offer the engineer. It has, inherent 


in its nature, the capacity to help “ lib- 


eralize’ a man’s attitude, and for this 
alone it is worth knowing. 

Two recent interpretations of the 
word “liberalize” are so good that I 
must call them to your attention. One 
was made by Dean Hammond in a 
paper he read two and a half years ago. 
He asked: 


“What does the word ‘liberalizing’ 
mean? It is often discussed in terms of 
the addition to an otherwise narrowly spe- 
cialized program of a cultural element 
comprising such non-technical subjects as 
history, economics, and literature. ... The 
assumption that this means alone will 
serve the desired purpose appears to be 
based in part on the premise that technical 
and scientific subjects have an inherent 
lack of cultural elements. . . . This as- 
sumption is utterly erroneous. . . . In- 
stead of such a restricted conception of 
the liberalization of technical education, 
we imply the broad purpose of developing 
among students understanding and appre- 
ciation of the world around them in its 
various aspects—social, economic, politi- 
cal, artistic, moral... .” 


The other explanation was given by 
the Chairman of this committee at our 
meeting last year and was published in 
the April issue of the JournaL. It 
holds up to the engineer the ideal of 
scientific humanism, a marriage, as Dr. 
Burdell says, “of science and the accu- 
mulated culture of the past.” In the 
schools its worth must be judged by 
what happens to the individual gradu- 
ate, and it is measured by his ability to 
gain from all of the disciplines some 
capacity to live intelligently and well 
in the society of which he is a member. 

From these interpretations may- be 
taken a conception of a culture that is 
not adventitious, not a frill only, not 
the gilding on the lily, nor the silk hat 
on one’s head, nor the use of fine, 

“bright words only, nor the ability to 
quote from works of literature or to 
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recognize a tune played. Any or all 
of these may be part of it, but in itself 
it is, to use the mathematician’s term, 
a “function” of a man’s job, if he has 
a code to keep and standards by which 
his product may be judged. 

We might trace the emergence of 
this conception of culture about the 
time of the Renaissance in the 16th 
century and its growth since then 
alongside a rising industrialism and a 
gradual broadening of democratic atti- 
tudes. For the moment, however, let 
me stick to my topic of literature and 
try to indicate briefly the connection 
between the books I read and the job 
of living that each of us must do. For 
only if that connection is real and im- 
mediate will literature have any worth 
as a means of culture. 

Let me begin with a personal inci- 
dent. This last spring, as one result 
of an overcrowded campus, I found 
myself lecturing to sixty students about 
great poems in English literature. 
Most of the sixty were veterans, and, 
as we discover, they refused to take 
my comments on faith. We were look- 
ing at Shelley’s “Adonais,” that fine 
tribute of one poet to another, and there 
came the need to examine the lovely 
speculative passage in which Shelley 
asserts the immortality of his young 
friend : 


“He is a portion of the loveliness 
Which once. he made more lovely.” 


One of the boys raised his head and 
asked : “But how does he know? How 
can he be so sure? And why should 
we bother anyway about Platonic ideas 
in this practical world of ours?” 

So I pointed out as best I could that 
many great writers have speculated 
about the worth of man’s life and about 
the possibility of its being more than 
mortal ; and I suggested that from some 
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of these speculations there might be 
transferred to one’s own life a sense of 
dignity and worth it would not other- 
wise have. A few days later the lad 
dropped into the office. He began to 
talk. “Perhaps,” he said, “this thing 
I’m doing, this studying for a degree, 
would seem to be worth more if I could 
see a point in it.” I agreed, of course. 
“And perhaps,’ he went on, “what 


Shelley was trying to do was to see 


some point in the death of a friend. 
That’s hard, because death is a mean- 
ingless sort of thing. Is that what the 
poet does all the time—attach a mean- 
ing to the meaningless facts of human 
life?” 

What this lad had inadvertently 
blundered into by means of “Adonais” 
is the insight that is the very core of 
culture. By some process of intelligent 
sympathy he had learned to understand 
the fine thought of another man; and, 
in a small way and without at all ac- 
cepting Shelley’s idea, to apply the 
same process to his own circumstances. 
In our quest of cultural values we fol- 
low the same road. We search con- 
tinuously for fuller meanings in the 
routine job and in the aimless, undiffer- 
entiated incidents of human experience. 

In order to try to make literature 
have some such value for students of 
engineering, I’d like to see started in 
all schools, in addition to courses in 
writing and history and economics, at 
least two in literature. One would he 
a reading course of a kind we have 
experimented with in St. Louis. The 
reading-list will include some of the 
so-called great books and a good many, 
too, of the lesser books that are not so 
apt to be misunderstood. The students 
must have time to read and regular 
meetings with a teacher who keeps 
from talking too much. If the books 
are carefully chosen, the students, as 
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they speak about them, cannot help but 
absorb some of the “meanings” I was 
referring to: Machiavelli’s plan for 
running a state, for instance, or Walter 
Lippmann’s notions about foreign pol- 
icy, or Shaw’s views on marriage and 
the relationships of the sexes. 

It is not essential that the range of 
reading be wide. A student should not 
by an encyclopedia or an authority on 
literature—I doubt if anybody should. 
The one thing expected of him, and 
the only real sign of culture breaking 
into the course, will be his willingness 
to grasp another man’s interpretation 
of a few of the miscellaneous facts of 
experience, and the measure of prac- 
tice he has in talking about it. 

The other course might be called 
“The Values of Literature” and it will 
not attempt to cover any large quan- 
tity of great books or any specified 
amount of material. It will introduce 
engineering students, by means of lec- 
ture and discussion, to one or two of 
the great literary stories of the past, a 
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few of the inspired social documents, 
and a small number of the treatises that 
have given expression to the trends of 
human thought. Its chief purpose will 
be to explain, as directly as possible, 
what literature is and does, and how 
its statement of meanings is as impor- 
tant now as when it was first given. 
If such a course is taught well, no stu- 
dent should be able to deny—as some- 
times they are encouraged to deny— 
that literature has value. Fragmentary 
as any such course is sure to be, the 
engineer should become aware that 
man and society have interest and sig- 
nificance only as they have been given 
these out of the passion and desire 
with which the arts are filled. It 
should stimulate a little of what Wil- 


‘liam James has called “the feeling for 


a good human job anywhere, the ad- 
miration of the really admirable, the 
disesteem of what is cheap and trashy 
and impermanent, the sense of values 
... that is... the better part of what 
men know as wisdom.” 
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Correlation of Mathematics and Electrical 
Engineering Courses* 


By C. G. BRENNECKE 
Prof. and Head, Dept. Electrical Engr., North Carolina State College 


The title of these remarks, as well as 
- the calling of this conference, implies 
not so much an emergency need for im- 
provement of correlation between in- 
struction in Mathematics and instruc- 
tion in Electrical Engineering, as a 
recognition of one of the growing pains 


of a still young and rapidly developing 


field of study. There is, and always 
has been, correlation between the two 
fields, but the mathematical needs of 
training in electrical engineering change 
and grow almost overnight, on an aca- 
demic time-scale at least, and there is 
therefore need for continual reexamina- 
tion and rearrangement of the tech- 
niques of furnishing the aspiring stu- 
dent with the mathematical foundation 
he needs. 

This same need exists, of course, 
wherever fields of study are paired in 
the education of a man or woman. 
One need only mention the importance 
of physics to all branches of engineer- 
ing, the importance of geology to the 
mining engineer, and of economics to 
the student of business, to make the 
point. In the broader sense, the need 
for correlation arises from the rigid 
departmentalization of American higher 
education, so efficient and convenient 


* Presented at the Joint Session of the 
Mathematics and Electrical Engineering 
Divisions, A.S.E.E., Minneapolis, June 18, 
1947. 


for administrative purposes, but so fre- 
quently ineffective in achieving an inte- 
grated education. 


HIstTorRIcAL DEVELOPMENT OF ANA- 
LYTICAL METHODS IN ELEC- 
TRICAL ENGINEERING 


As a major field of study, electrical 
engineering is scarcely fifty years old. 
Indeed, just about the turn of the cen- 
tury, in the few technical colleges ex- 
isting at the time, it was emerging from 
the state of being a few physics courses 
in “Applied Electricity” or the like. 
When one realizes, however, that elec- 
tric lighting and the telephone did not 
appear as commercial possibilities until 
1880, that electric motors were scarcely 
used until 1890, that in 1895 the great 
controversy over the practicability of 
alternating current and the transformer 
still raged, it appears that the study of 
electrical engineering appeared nearly 
simultaneously with the first demand 
for electrical engineers. 

The presentation of the theory of 
electrical circuits and machinery, until 
about 1920, tended to be strongly 
“practical” (i.e., non-mathematical) 
and descriptive in nature. With a few 
significant exceptions, the standard 
texts made use of little more than the 
simplest algebra for direct-current con- 
siderations, and trigonometry for the 
symbolic vectors necessary for the un- 
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derstanding of alternating current phe- 
nomena. The calculus was carefully 
avoided, even in discussing effective 
current values. 

The influence of Charles P. Stein- 
metz was great in altering this condi- 
tion. His convincing demonstrations 
of the convenience of using complex 
numbers to represent the symbolic vec- 
tors of electrical theory were largely 
responsible for making this method 
standard. His work on transient phe- 
nomena and on oscillating systems 
made the need for studying such mat- 
ters obvious. His book “Engineering 
Mathematics,” published in 1911, was 
a forerunner of many similar works 
which have appeared since, and con- 
tains material which even today is of 
interest and importance to students of 
electrical engineering. 

The development of analytical tech- 
niques has accelerated rapidly in the 
last twenty years: intensive study of 
electronic devices and circuits, of cir- 
cuits with distributed constants (in 
both the steady and transient states), 
of radiation, of wave guides, of closed- 
cycle control systems, all have been 
recognized as worthy of intensive treat- 
ment. These subjects and others have 
come to employ mathematical methods 
whose very existence engineering teach- 
ers and students once blissfully ignored. 
It is only reasonable to anticipate still 
further development of the same sort. 


SHORTCOMINGS IN CORRELATION 


An all too common experience of 
teachers in junior and senior electrical 
engineering courses is to encounter, in 
class discussion, the need to use some 
simple bit of mathematical lore such as 
Euler’s Theorem, or Maclaurin’s The- 
orem, or hyperbolic trigonometry, and 
to find their students staring open- 
mouthed and ignorant, and swearing 


that they never had encountered this 
particular piece of foul black magic 
before. Previous knowledge or inquiry 
then convinces the professor that this 
is not the case: that the students have 
studied the topic in question in one or 
the other of their mathematics courses, 
but that they have either temporarily 
or permanently forgotten it completely. 
The “recall,” to borrow a term from 
our friends the psychologists, is not 
there. There has not been the desired 
carry-over from mathematics courses to 
later engineering studies. Why? At 
this point the recriminations begin. 


FaILurE To Use ENGINEERING 
EXAMPLES IN MATHE- 
MATICS COURSES 


This is perhaps the most common 
criticism leveled at the mathematicians 
by the electrical engineering professor. 
“How,” says he “can students be ex- 
pected to realize the importance, to 
them, of the mathematics they are 
studying, if the applications are not 
made clear by example?’ The be- 
leaguered mathematician points to some 
problems involving electrical units in 
the text he is using, asks pointedly 
whether he is expected to be an engi- 
neer as well as a mathematics teacher, 
and, perhaps, inwardly resolves that 
the most useful examples are still those 
that begin “differentiate the following 
equation.” 

Close correlation, by the methods 
suggested later in this paper, is the only 
cure for this fault. It will require co- 
operative effort as well as criticism on 
the part of the engineering staff, and 
labor over and above the call of duty 
on the part of the mathematicians. 

A most wholesome trend is exhibited 
by certain recent texts, such as Smith, 
Salkover, and Justice’s “Calculus.” In 
the latest edition of this work, nu- 
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merous two-stage problems are in- 
cluded, in which students are given cer- 
tain data and facts, from which they 
must formulate an equation, which is 
then to be solved. These are “prac- 
tical” problems in the best sense. 

Overemphasis of questions of rigor 
on the part of mathematicians, at the 
expense of time better used in consid- 
ering the applications of the theorems 
in question, is another criticism often 
made by the engineers. Such over- 
emphasis, besides wasting time, is cited 
as responsible for the student’s belief 
that mathematics is an intellectual exer- 
cise of little or no practical utility. 

Here one cannot help sympathizing 
a little with the position of the mathe- 
maticians. They are specialists, after 
all, in their field, and to them it is more 
than a tool for technology. One might 
hope, too, that the better student will 
be impressed with the importance of 
mathematics as a system of logic good 
for his mind and character, to the ex- 
tent that he will appreciate and honor 
its “impractical” features. It 
must not be forgotten, however, that 
the primary purpose of his study is 
the acquisition of a weapon for the at- 
tacking of technological problems. 

Relative emphasis of mathematical 
topics should be proportional to their 
later use in engineering courses. It is 
manifestly impossible, of course, to 
assure this completely, since it would 
necessitate among other things that 
each electrical engineering professor 
present any given topic in exactly the 
same way as each of his colleagues. 
However, steps can certainly be taken 
to approach the unattainable end: if 
the relatively few derivations and 
analyses, involving the calculus, essen- 
tial to a first course in alternating cur- 
rent circuit theory, were known to the 
mathematicians preparing the students, 
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the differentiations and integrations in- 
volved could be stressed at the expense 
of other forms less important in a 
utilitarian sense. Similarly the simple 
differential equations used in an intro- 
ductory course in transient theory, or 
in calculating the mean free path of a 
particle in a gas, or in beginning the 
analysis of a transmission line, should 
be known to the mathematics faculty. 

On the other hand, it could be 
pointed out to mathematics faculties that 
non-convergent series are of no real 
use to an engineer, and that for men 
who will at best riffle the pages of their 
integral tables whenever they encoun- 
ter a form that looks tractable, the need 
to spend long stretches of class time 
discussing integration by substitution 
of a new variable is not great. The 
present trend, one is glad to note, is 
to introduce but not emphasize such 
topics. 


FAILURE OF ELECTRICAL ENGINEERING 
TEACHERS TO MAKE Futt USE 
oF MATHEMATICS 


This criticism is valid enough to 
begin to even the score. 
scarcely a large department of electrical 
engineering which does not number 
among its staff one or more who prefer 
the roundabout graphical or descrip- 
tive approach to the concise derivation 
involving the calculus or higher mys- 
teries. The cause for this, one cannot 
help suspecting, lies chiefly in the 
shortcomings in the mathematical back- 
ground of the men concerned. The 
argument often raised: that a descrip- 
tive approach makes it easier for the 
student to comprehend the physical 
facts involved, is untenable, in the opin- 
ion of the writer. To cite a case now 
happily historical rather than current, 
the writer was dragged through a maze 
of arithmetic designed to demonstrate, 


There is 


the | 
speci 
devel 
topic, 
ral fa 
him r 
the n 
neerit 
assur 
opme 

Th 
sort 
numb 
altern 
books 
clude 


ve 

by s 
: 
ordir 

that 

alter: 
of it: 
prev! 
squai 
rathe 
in ‘ 
acadé 

that 
ing t 
catio’ 
Th 
whol. 
depai 
many 
ae of ec 
rapid 
youn 
whicl 
E 


yns in- 
<pense 
in a 
simple 
intro- 
ry, or 
h of a 
ng the 
should 
ulty. 
ild be 
es that 
10 real 
r men 
f their 
ncoun- 
le need 
s time 
itution 
The 
is 
e such 


EERING 


USE 


ugh to 


rere is 


ectrical 
number 
prefer 
lescrip- 
‘ivation 
mys- 
cannot 
in the 
al back- 
The 
descrip- 
for the 
ohysical 
1e opin- 
ise NOW 
current, 
a maze 
nstrate, 


MATHEMATICS AND ELECTRICAL ENGINEERING 361 


by squaring and averaging selected 
ordinates of a laboriously drawn curve, 
that the effective value of a sinusoidal 
alternating current was 70.7 per cent 
of its maximum value. Since he had 
previously learned how to integrate a 
squared trigonometric function (or 
rather, how to look up the integral), 
this procedure served to impress him 
neither with the exactness of engineer- 
ing-proofs nor with the wisdom of the 
academic overlords who had foisted all 
that calculus on him. Certainly, avoid- 
ing the integration did not further edu- 
cation in this case. 

The problem in this case is almost 
wholly an internal one for the electrical 
departments. It is to the credit of 
many previous efforts at coordination 
of educational work that it is also a 
rapidly disappearing problem, and as 
younger men, who have profited by 
the advances in technical education 
which this Society symbolizes, take 
their places on departmental staffs, it 
will be a problem of the past. 


TENDENCY FOR ELECTRICAL ENGI- 
NEERING TEACHERS TO TEACH 
THEIR Own MATHEMATICS 


This is perhaps the opposite side to 
the problem just discussed. Where 
special mathematics is necessary to the 
development of a particular electrical 
topic, and when the teacher has a natu- 
ral facility in mathematics, it seems to 
him natural and appropriate to develop 
the mathematics in the electrical engi- 
neering course. In this way he is 
assured of a fresh and complete devel- 
opment, done exactly as he requires it. 

The most elementary example of this 
sort of thing is the case of complex 
numbers and their algebra, as used in 
alternating current theory. The text- 
books in this field now generally in- 
clude a little summary of the subject, 


with examples, very convenient to use. 
On a higher level, one finds the in- 
structor in electrical transients lectur- 
ing on operational mathematics, and 
the course in electromagnetic field the- 
ory beginning with a week or two of 
vector analysis. 

This practice cannot be condemned 
as wholly bad—certainly not by the 
writer, who indulges himself in it to a 
fair degree. However, when it comes 
to a point of requesting mathematics 
departments to desist from any men- 
tion of such topics, departmentalization 
rather than correlation is being served. 
The better solution lies in taking up 
each such disputed topic in turn, and 


by agreement deciding on the best — 


method of handling it. For example, 
in the case of complex numbers, the 
writer feels that several successive dis- 
cussions will help enough to justify the 
time spent, and may indeed be essen- 
tial. Thus, first instruction in this 
topic should be given in a trigonometry 
course, either in high school or college 
(or both), and the electrical engineer- 
ing instructor should not hesitate to 
repeat it in full. 

In other cases, local conditions 
should determine the division of effort. 
At North Carolina State College a 
very satisfactory working agreement 
has been reached in the case of opera- 
tional mathematics. The Electrical 
Engineering Department teaches an in- 
troductory course in electrical tran- 
sient theory, incidentally introducing 
its students to Heaviside’s Unit Func- 
tion and the direct operational method. 
The Mathematics Department follows 
this with a course in operational math- 
ematics which is in large part a re- 
newed attack on electrical and other 
transients, this time by the methods 
of the Laplace transform and the con- 
tour integral. This arrangement, of 
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course, is possible only because the 
Mathematics Department numbers 
among its staff several men with a 
substantial background in and appreci- 
ation for the problems of electrical en- 
gineering. The situation may be re- 
versed in other institutions, in which 
case it might well seem reasonable to 
have advanced students in other engi- 
neering fields and in mathematics at- 
tend the courses in transient theory 
offered by the electrical engineering 
department. 


CORRELATION ON THE UNDER- 
GRADUATE LEVEL 


The topics in which correlation is 
particularly indicated are mentioned in 
some detail in the papers contributed 
to this symposium by Professor L. V. 
Bewley of Lehigh University and Pro- 
fessor G. F. Corcoran of the University 
of Maryland, who also make specific 
suggestions as to the handling of these 
topics. Accordingly, since the papers 
are available and the authors will lead 
the discussion that follows, the present 
paper will be confined in this respect 
to a brief summary of this material. 

Through the Sophomore Year, in 
most technical institutions of collegiate 
level, mathematics preparation is the 
same for all engineering students. It 
extends through the calculus, though it 
may end with a brief introduction to 
differential equations, usually in the 
last calculus course. These courses 
must prepare the student for work in 
physics and mechanics, and the need 
for correlation with these fields has 
been pointed out by Dean Justice in 
his opening remarks. They should 
also, in the opinion of the writer, in- 
clude instruction in topics of particular 
importance to the electrical engineer, 
such as complex numbers and hyper- 
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bolic trigonometry—and stress and il- 
lustrate the later use of this material. 

Electrical Engineering students gen- 
erally are required to take at least one 
‘mathematics course beyond the calcu- 
lus. This course is most often Dif- 
ferential Equations, although it may in 
some cases be entitled “Advanced 
Mathematics for Electrical Engi- 
neers.” A number of institutions re- 
quire both courses. 

Differential Equations, if it is the 
only advanced course taken, and if it 
is at least the equivalent of one semester 
in length, should include as well other 
advanced topics, as is suggested by 
Professor Bewley. Besides the linear 
differential equations used in circuit 
and network theory, such special equa- 
tions as Bessel’s, Legendre’s, Poisson’s 
and Laplace’s should be discussed, to- 
gether with the functions which are 
their solutions. Partial differential 
equations must be introduced, and in 
view of its later utility for students of 
communication, the D’Alembertian 
wave equation, at least in one dimen- 
sion, should be studied. Altogether, 
this constitutes a rather formidable 
total, admittedly. It is far better if a 
second course, in “Mathematics for 
Electrical Engineers,” can follow and 
be used as a catch-all for such addi- 
tional material as vector analysis, po- 
tential theory, and graphical and nu- 
merical methods of solution. This 
course should be closely associated with 
the senior courses offered by the elec- 
trical engineering staff, and since such 
senior work very properly differs from 
institution to institution, according to 
the fields of interest of the professors 
or the policy of the department, so 
should the content of the mathematics 
course. Here there is a splendid op- 
portunity to achieve correlation by 
close cooperation. 
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CoRRELATION ON THE GRADUATE 
LEVEL 


If there is variance in the senior 
electrical engineering courses from in- 
stitution to institution, there is an al- 
most complete lack of uniformity at 
the graduate level, as may be verified 
by comparing catalogs or consulting a 
few of the members attending this 
conference. The inescapable fact is 
that any given graduate offering in 
electrical engineering requires a spe- 
cific group of associated courses in 
mathematics. The first step in corre- 
lation must be to insure that the neces- 
sary mathematics courses are offered, 
and that they are conducted in such 
manner as to be most valuable to the 
engineering students. If advanced ma- 
chine theory is a specialty of the school, 
tensor and matrix analysis should be 
available. Advanced circuit or net- 
work courses need accompanying work 
in complex variable theory, and static 
field work needs a background in series 
of complex variables. As has been 
mentioned, the operational mathe- 
matics-transient theory couple might 
be housed in either department, or 
might be shared between departments. 
The same considerations apply to the 
vector analysis and the partial differ- 
ential equations needed if studénts 
are facing the problems of radiation 
and other applications of Maxwell’s 
field equations. 

In every case, cscaaniatiads between 
departments must be wholehearted, 
painstaking and detailed, in order to 
achieve the desirable ends of graduate 
study. It has been the writer’s experi- 
ence that correlation is most easily 


_ achieved at the graduate level, since 


there minds of similar characteristics 
meet, and quickly reach understanding. 
This may not be true in all cases; for 


example, where the engineering school 
is but a small part of a large univer- 
sity, but failure to cooperate in this 
respect is well-nigh inexcusable. 


MetTHops oF ACHIEVING 
CoRRELATION 


The Training of the Mathematics 
Staff is of fundamental importance. It 
may be assumed that anyone acceptable 
for the teaching of mathematics at 
university level is well grounded in 
that field. If he is to teach his mathe- 
matics to embryonic engineers, how- 
ever, it is just as essential that he be 
grounded in the fields of engineering 
as it is for the engineer to be grounded 
in mathematics. It would be well in- 
deed if the prospective mathematician 
during his undergraduate days could 
be exposed to a few courses in physics 
and technical mechanics, say, or even 
in engineering, but since such men 
must now be trained in liberal arts 
colleges, one is forced to admit a cer- 
tain lack of practicality in the idea. 
In passing one wonders whether an 
undergraduate curriculum in engineer- 
ing mathematics, in a few of our larger 
institutions at least, would not be 
amply justified. 

Facing the fact that junior members 
of the mathematics staff may well be 
completely innocent of technological 
matters, it then appears highly desir- 
able that they be encouraged to remedy 
this lack by taking, formally or in- 
formally, course work in at least one 
engineering field. This practice has 
been followed for many years, with 
excellent results, at North Carolina 
State College. It bore unexpected but 
welcome fruit during the recent war 
days, when mathematics professors 
provided much needed help in the 
teaching of electrical theory under 
various war training programs. Quite 
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recently, a program of graduate study 
in engineering mathematics has been 
announced at North Carolina State, 
and it will be interesting to watch the 
progress of this experiment. 

Interchange of Professors between 
the departments of mathematics and 
electrical engineering should produce 
most salutary results. It would be no 
waste of time, for example, if each 
professor of electrical engineering, 
every three years or so, were to teach 
a section of differential calculus in the 
summer session. It would give him 
a priceless opportunity to demonstrate 
the improvements in teaching he is 
prone to recommend to the mathemati- 
cians. It would also, one is sure, be 
of value in freshening up for him 
fundamental concepts buried too many 
years deep in his memory. For the 
mathematician, one does not suggest 
laboring through the task of teaching 
direct-current machinery or electronics 
laboratory, but an occasional fling at 
teaching alternating-current circuit 
theory should be stimulating for him 
and not too harmful for the students. 
Adding Mathematicians as Perma- 
ment Staff Members in a department 
of electrical engineering, as Professor 
Corcoran suggests, is a logical exten- 
sion of professorial interchange. A 
point of semantics might be argued 
here: if a mathematician so forswears 
his first allegiance, is he not, or will 
he not soon become, an electrical en- 
gineer? Or is he an applied mathe- 
matician, as engineers are applied 
physicists? The writer remembers a 
most stimulating though occasionally 
overwhelming graduate course in post- 
newtonian mechanics, taught to him by 
an excellent mathematician masquerad- 
ing as a professor of physics. 

Liaison Committees between depart- 
ments are a highly efficient means for 
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working out the details of correlation. 
In fact, where correlation already is 
established, one is likely to find such 
committees functioning, though they 
may not be listed with the august 
standing faculty committees on Student 
Social Affairs and the like. Our liai- 
son committee may actually be noth- 
ing more than a few friendly colleagues 
working together for the common good, 
but, nevertheless, they work. 

In any case, the committee should 
be small. If the departments them- 
selves are small, the two department 
heads might constitute the committee. 
When the departments are so large 
that the heads must delegate parts of 
their responsibility, one or, at the 
most, two representatives from each 
department should be designated to 
serve on the committee. These repre- 
sentatives must of course have the 
confidence of their respective depart- 
ment heads and departmental col- 
leagues, so that their decisions will 
normally be approved and put into 
effect with all possible dispatch. 

Once the committee has been estab- 
lished, and the other recommended 
steps in establishing support and co- 
operation taken, it is time to go into 
details. Each electrical engineering 
course should be studied, dissected, 
and have its mathematical content 
analyzed by the committee. The same 
should be done with preparatory and 
associated mathematics courses. Any 
need for modification of the latter 
should then be apparent, and the com- 
mittee should recommend accordingly. 
This cannot be done once and for all, 
but must periodically be redone as new 


courses are added and old ones change | 


in content, text, or instructor (or all 
three). It may well be a.difficult task, 
but it should certainly be a rewarding 
one. 
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As this work is done, the analyses 
of mathematics and electrical engineer- 
ing courses worked out by the com- 
mittee should be made available to all 
the members of both departments, and 
each staff member should conscien- 
tiously familiarize himself with the ma- 
terial. Only by so doing will he in his 
own courses be able to eliminate the 
deplorable lacunae, the places where he 
might have made use of the student’s 
powers and did not, or might have 
taught him something valuable and did 
not. 


This last remark may serve to point 
the essence and heart of the problem 
we are discussing. No matter what 
the methods we devise and try, we will 
not achieve correlation of our work 
in these two fields unless and until all 
the instructors concerned realize its 
importance—realize it so strongly that 
they will emerge from behind their de- 
partmental barriers and truly join in 
wholehearted mutual effort. When . 
they do so, the means become unim- 
portant and the achievement inevitable. 
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THE IMPORTANCE OF MANAGEMENT 


It has been said that the important 
difference between one business and 
another operating in the same general 
field is in the people who manage the 
business. Available to all in a large 
degree are the facilities for production, 
standards of technology, capital, a 
market and a means for capitalizing it. 
The importance of management is thus 
clear. The larger and the more diver- 
sified the industry, the greater the de- 
mands for managerial talent of the 


in every phase of the business. Every 
great enterprise recognizes that the 
standards required today are higher 
than ever before. For this reason, any 
great enterprise must attract and hold 
- in a competitive market managerial tal- 


1 Address delivered at a meeting of the 
Mathematical Division of the A.S.E.E., Min- 
neapolis, Minn., June 18, 1947. , 

2 The author wishes to express his appre- 
ciation for the many critical and extended 
suggestions made by Captain Phil Niekum, 
Jr., U.S.N., during the preparation of this 
paper. He also wishes to acknowledge the 
critical comments on this subject made by 
his colleagues Dr. D. C. May, Mathematician, 
and Mr. Fletcher Byrom, Engineer. 

8 The opinions expressed in this paper are 
those of the author and are not necessarily 
those of the Navy Department. 
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ent of the highest type, capable of dis- 
charging properly and adequately the 
manifold responsibilities resting upon 
them. Administrative talent of the 
highest type is a best investment for 
all concerned. 


ScIENTIFIC METHODs IN 
MANAGEMENT 


As an integral part of the execution, 
administration, planning, coordination, 
and operation of such an enterprise, the 
staffs charged with all or a portion of 


such activities should have included in. 


their membership men of broad vision 
and receptive minds, men trained in 
many fields to act in an advisory ca- 
pacity to the executives who are 
charged with making the final- deci- 
sions. Among this group should be 
engineers, scientists—and mathemati- 
cians—who are capable of making the 
broadest types of overall evaluations 
and analyses; men who can penetrate 
deeply through a mass of sometimes 
conflicting and irrelevant information 
to disclose the fundamentals of the 
problem at hand and to seek and ex- 
pose the underlying principles involved, 
men who are capable of using the 
highest order of scientific methods for 
providing executives with mature 
quantitative bases for decisions. 
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SCIENTIFIC AND MATHEMATICAL METHODS 


There is a growing bond between 
the methods used by men in manage- 
ment and those used by scientists. The 
potential possibilities of this bond are 
so great that the power of such de- 
velopments needs to be more fully un- 
derstood. This is a matter of concern 
for both executives and educators alike. 
In particular, those scientists and 
mathematicians whose interests lie in 
teaching, or in border field develop- 
ments, should be especially concerned. 

In using the term enterprise or in- 
dustry I refer to any type of organiza- 
tion, business, utility, production unit, 
research or development group, be it 
government or private, be it large or 
small. 

Most of you are well acquainted 
with the contributions scientists, engi- 
neers, mathematicians, physicists, and 
others have made in the discovery, re- 
search, development, production, and 
realization of all sorts of industrial 
achievements, the improvement of 
transport, the widespread introduction 
of labor saving devices, . . ., and more 
recently, the great developments of the 
means for waging war. 

While many of the more spectacular 
achievements have been widely publi- 
cized, relatively little is known by the 
public at large concerning the contri- 
butions such professional men can and 
have made to the planning, execution, 
coordination, and administration of 
large scale developments and opera- 
tions of every conceivable type. Some 
inkling as to how this has been done 
in problems relating to the recent war 
has been published, but the extent to 
which such methods can be used to 
greater advantage in all sorts of enter- 
prise is not so well known. These con- 
tributions involve the knowledge of 


‘many branches of science, and have 


367 


been and can be made in the best sci- 
entific spirit. 

An interesting discussion of the pos- 
sibilities of using scientific methods in 
statecraft appeared in a recent address 
by M. H. Stone.* 


REASONS FOR INCREASED USE OF 
ScIENTIFIC METHODS IN 
MANAGEMENT 


Some of the many reasons why 
the managements of large scale enter- 
prises are making much greater use of 
scientific techniques than ever before 
are as follows: 


(a) The acts and decisions of leaders 
and executives in a large closely knit 
industrial organization such as we have 
in this country tend to have wider, 
deeper, quicker, and more acute in- 
fluences upon the courses of events, 
the flow. of production,—upon the in- 
dustry as well as upon the individual 
—, than in the days of more localized 
enterprise. Hence, executives must 
estimate more carefully the probable 
consequences of their actions. 

(b) The economic situation of this 
country at present is such that no in- 
dustry can afford to use costly waste- 
ful processes, cut and tried methods 
of development, intuition, guesses, 
hunches, and the like. The growing 
depletion of the natural resources of 
this country, the high cost of experi- 
mentation in time, personnel and ma- 
terials, and personnel problems force 
industries to make much wider use of 
scientific and analytical methods than 
has ever been employed in the past. 
The value “of figuring things out 
ahead of time,” thus, cannot be ques- 


_ tioned. 


4“Science and Statecraft,” Marshall H. 
Stone, Science, May 16, 1947, Vol. 105, No. 
2733, pp. 507-510. 
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(c) In order that any industry con- 
tinue to be healthy and operate in the 
black, progressively in a competitive 
market, it is now very necessary that 
such an industry study and analyze its 
processes, its modes of production, its 
modes of marketing, its products, its 
products improvements, its process de- 
velopments, its market potentialities, 
and to evaluate and predict optimum 
courses of action. For example: any 
large transportation organization must 
make continuing analyses of the de- 
mand, the cost, and the expected fu- 
ture demand for its services, if the 
system is to make the best possible use 
of their revenue and keep their costs 
within reason. This is particularly 
true of most transportation systems 
and utilities, where the margin of 
profit, if there is any at all, is ex- 
tremely thin and where rising material 
and labor costs cannot be off-set by 
changes in revenue from changes in 
rates. In these cases, in order to widen 
this thin margin and in order to pro- 
duce sufficient revenue, which will per- 
mit the industries to make necessary 
improvements and expansions, it seems 
obvious that industry must make full 
use of scientific and analytical methods. 


EvALUATION AND ANALYSIS 
Groups NEEDED 


Every organization, industry, busi- 
ness, or individual is continually being 
confronted with new and recurring 
problems which require serious study 
and the formulation of new plans and 
policies. In many organizations this 
entails carefully made evaluations, pre- 
dictions, and analyses of operations, 


plans, and the like, from one or more . 


points of view (usually many points 
of view). Thus, the engineer, the op- 
erating man, the financier, the account- 
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ant, the production man, the manage- 
ment man, and the scientist may 
contribute to such analyses. In almost 
any large scale undertaking, this means 
that in the organization provision must 
be made for an “Evaluation and Analy- 
sis Group” whose business it is to un- 
dertake a variety of studies along the 
lines indicated in this paper. This 
group should include a variety of dif- 
ferent types of scientists, physicists, 
engineers, and other professional tal- 
ent, including mathematicians, who are 
capable of making thorough analyses 
directed in channels indicated by the 
enterprise, yet in so doing preserve the 
spirit of scientific research. The head 
of such a group should operate on a 
staff level. 


FUNCTIONS OF Sucu A GrRouP 


The functions of such a group may 
include the following items: 


(a) Clarification of present and pro- 
posed objectives, a statement of needs, 
a characterization of a criteria for the 
future. This may involve descriptions 
and analyses of existing methods, 
projects, plans, and operations. Such 
analyses may be broad or detailed. 
They frequently involve the formula- 
tion of theories which must be shown 
to fit facts and experience. They in- 
volve “knowing where we are going 
before we start.” 

(b) Clarification of an operational 
or production process or status. The 
detection of the existence of problems 
and questions of which the executives 
may not be aware. 

(c) Analysis of existing methods, 
plans, projects, development programs, 
operations, . . . with comparative stud- 
ies and predictions which indicate the 
directions in which improvements 
might be made with existing facilities 
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and modes of operation. Usually no 
one point of view is sufficient. 

(d) Analyses and evaluations which 
indicate the need for exploring new 
fields and for trying entirely different 
methods, or for developing entirely new 
materials or systems which would lead 
both to economy and to improvement 
in the service or the products of the 
industry. 

(e) Analyses and predictions which 
indicate the direction in which projects 
or investigations should be pointed in 
order to realize the optimum desired 
results, and in order to realize worth 
while improvements, both in the rela- 
tive as well as in the absolute sense. 

(f) Analyses and predictions which 
exhibit the courses of action open to- 
gether with what is entailed in these 
courses of action; each course of action 
being carefully weighed. 

(g) Aid in the formulation of poli- 
cies. This does not mean that the 
group will formulate or execute the 
policy, but it may mean that it recom- 
mends general policies to the execu- 
tives who are charged with the burden 
of making the decisions. 

(h) Analyses and predictions which 
enable the concern to be ready for 
whatever eventualities may arise. 

(i) Aid in the technical direction of 
the effort on specific projects, tasks, 
and problems within overall programs. 


PREDICTION 


In listing the possible activities of 
such a group, in an enterprise, it is 
recognized that executive planning in- 
volves predictions which are often sub- 
ject to early test in a competitive 
market. Accuracy of description and 
observation, sharpness of analysis, de- 
duction and prediction, and extreme 
care in the execution of plans are highly 
important in a competitive world. Ac- 


curate estimates of the state of each 
competitor, the potentialities of mar- 
kets, all treated in a truly scientific 
spirit, with up to date estimates of the 
optimum use of forces, “know how,” 
. . . designed to yield the desired opti- 
mum service to the public or the cap- 
ture of the market, are indicated. 
Some management men may feel 
that much cannot be predicted; thus 
they then tend to use hunches. How- 
ever, this need not deter us, for the 
scientist and mathematician can readily 
operate and predict—and they do so— 
with surprisingly good results by inter- 
weaving statistical methods and the 
more determinable dynamical methods. 
This they can do even though it is not 
possible to know at any given instant 
all of the relevant facts upon which 
events observable at a later date may 
depend, and even though it is not pos- 
sible to measure or observe phenomena 
without the very act of making the 
observations in some way or other in- 
fluence the phenomena being observed. 


How MatHematTIcaAL MeEtHops Fit 
INTO THIs oF WorK 


The question may arise with some 
of you as to how mathematics fits into 
this type of work. The most outstand- 
ing feature of the use of mathematics 
in the role of scientific engineering and 
management lies in the mode of attack 
involving a high order of mathematical 
reasoning. 

In tackling many problems which 
may be faced by such a group in a large 
scale enterprise, the first big step is 
often that of determining just what 
the problems are that need study and 
to state them in appropriate form. 
Often the problem as given to the 
group may not actually be the problem 
which should be stated and solved. 
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Some of the work outlined above is, 
of course, in the nature of routine sta- 
tistics and routine services which can 
be done by personnel trained in specific 
techniques, and some of it is in the na- 
ture of general scientific investigation 
requiring a high order of professional 
attainment. All of these types of serv- 
ices are, of course, needed to a lesser 
or greater extent depending on the type 
of industry. In fact, in most industries 
much greater use of qualified mathe- 
maticians in these fields is an economic 
necessity. However, there is a much 
broader use, though not so well known, 
that can be made and should be made 
of mature scientists—and mathemati- 
cian—who have a thorough under- 
standing of the physical properties of 
nature as well as a deep seated knowl- 
edge and sense of the underlying basis 
of scientific and mathematical things, 
and an excellent understanding of eco- 
nomics and of men. It is this broader 
use with which I am concerned here. 
When I speak of a mature under- 
standing of the underlying value of 
mathematics, I refer to that state of 
development in which a mathematician 
has a true genuine comprehension of 
mathematics as an organic whole and 
as a basis for scientific thinking and 
acting. It is not so much the formalism, 
or mechanics of mathematics that is of 
real importance here as it is the under- 
lying philosophy, structure and meth- 
odology of the core of mathematics that 
are important. 

It is an inescapable fact that in order 
for one to be successful in the field with 
which this paper deals he must know 
and have a strong feeling toward phys- 
ics, engineering, and science in general, 
and usually, toward the economics of 
general situations. Without one or 
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the other, one is almost helpless, except 

for very special detailed items.® 
When a mathematician who pos- 

sesses some measure of these character- 


. istics approaches a completely strange 


physical system or mode of operation, 
he is better able to classify the available 
information or to organize it in sucha 
way as to bring out clearly and logi- 
cally the more important factors and 
the relations among them; what is 
known about each of these factors and 
what needs to be found out about them, 
all of which leads eventually to a rather 
clear cut picture of the situation. The 
resulting picture can then be used asa 
structure upon which to base further 
investigation and analysis, showing the 
possible and desirable directions in 
which the industry and the individuals 
should point their efforts. 


REMARKS CONCERNING CERTAIN 
TECHNIQUES USEFUL IN 
THIS TYPE OF WorRK 


The techniques of a great many 
branches of science will be found useful 
in the sort of work discussed here. Of 
course, the specific fields of most use 
depend on the particular enterprise in- 
volved. However, there are many gen- 
eral statements which might be made 


- concerning the work of an evaluation 


and analysis group in all such enter- 
prises. I have selected a few such 
items for consideration here. 

Logical Approach. One of the func 
tions of the professional mathematician 
or scientist who is concerned with the 
operational analysis or with the evalu 
ation of any kind of system, or process, 


5 “Qualifications for Professional Positions 
in Applied Mathematics and Related Scier 
tific Fields,” Richard S. Burington and Dom 
ald C. May, JourNAL oF ENGINEERING EpU- 
cation, April, 1947, Vol. 37, No. 8, pp. 64 
652. 
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consists in the search for a straight 
forward logical treatment of the com- 
ponents, processes, or factors involved. 
This treatment should lead to a clear 
statement of all the pertinent factors; 
what is known, what is not known, and 
what can or should be done about them. 
In other words, out of the mass of in- 
formation relating to the system being 
studied must appear an organization of 
the whole system and related processes 
which discloses the fundamental under- 
lying elements of the system. Such 
analyses should clarify whatever is in- 
volved and lead to improvements, 
economies, or knowledge beyond that 
which was known at the beginning of 
the study. 

Measures of Merit. It is sometimes 
quite difficult to devise schemes for 
measuring the worth or merit of a 
given system or process. Where more 
than one system is involved, measures 
of the relative worth or merit must be 
devised. Usually, one measure of 
merit is not sufficient, and a whole set 
of measures of merit may be considered 
necessary. The ability to set up sound 
measures of merit for a given system 
is one requiring considerable insight 
and often times a broad knowledge of 
many fields. 

Use of Symbols. In carrying out the 
analyses and evaluations discussed here 
the expert may prefer, or perhaps may 
be forced, to use symbols in arriving at 
his conclusions. The symbols are 
really used as tools to aid in abstracting 
the relevant material from the mass of 
what may be irrelevant or confusing 
data. However, in preparing a final 
report for the use of executives, it is 
usually quite desirable to avoid the use 
of symbolism. Fortunately, it is pos- 
sible to formulate the mathematical 
structure of many problems in ordinary 
language so that any educated layman 


can readily understand the treatment 
and conclusions. This point should be 
recognized fully by technically trained 
personnel. 

Simplification. When a mathema- 
tician tackles an economic or a physical 
problem, he is, of course, inclined to 
idealize his problem in such a way as 
to yield fruitful mathematical results. 
For example, he may impose linear as- 
sumptions or assumptions of symmetry 
in order to make his mathematical for- 
mulation possess a certain esthetic 
beauty. This is very desirable some- 
times, but many times over simplifica- 
tion leads to mathematical results 
which when interpreted in the physical 
world lead to quite erroneous conclu- 
sions. Thus it often happens that the 
more difficult and involved assump- 
tions must be employed in order to 
obtain usable physical results. This is 
somewhat of a handicap to a purist, 
or to any one for that matter, but it 
must be faced. This is one of the rea- 
sons why some mathematicians in their 
research or teaching prefer to work in 
pure mathematics—their work is then . 
easier, and not so restricted, or so they 
may feel at times. 

Generalization. One of the most 
powerful methods which research 
mathematicians use is that of generali- 
zation. Generalization can be done in 
many ways. A generalization may, or 
may not, lead to useful results. In cer- 
tain types of generalizations, the situ- 
ation is made so broad that very few 
invariant properties are possible. This 
may be desirable sometimes, but it may 
also be very undesirable at other times. 
In applying mathematics to real proc- 
esses, great care must be exercised not 
to extend the generalizations involved 
any further than the underlying (1.e. 
physical, economic, . . .) situation per- 
mits or warrants. In many investiga- 
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tions of systems or processes one of the 
things which is aimed at is the search 
for invariants, that is, the search for 
properties and characteristics of the 
system under study which will not 
change under a variety of conditions. 
Many of these invariants, and all of 
the fundamental ones, are of basic sig- 
nificance in the underlying (physical, 

.) system. Too great a generaliza- 
tion from the underlying system may 
lead to a conclusion which states that a 
certain characteristic is not invariant, 
whereas, in fact, it is invariant in the 
underlying system. If the treatment 
is thorough and adequate the proper 
degree of generalization for the under- 
lying system will appear when the in- 
vestigations involved are carried out 
properly and far enough. 

Importance of Attitude. When any 
one tackles a problem involving the 
analysis or evaluation of a system or 
process, he is apt to be handicapped by 
a sort of unconscious aim to tie down 
the system to some well defined field 
of mathematics with which he is ac- 
quainted. This is a useful procedure, 
but the tendency then is to make the 
treatment of the system under study 
fit the mathematics, rather than to 
make the mathematics, which describes 
the situation, fit the system. This tend- 
ency must be guarded against if the 
analysis or evaluation is to be produc- 
tive of useful results. Sometimes an 
unknown, or little known, form of 
analysis must be developed to fit the 
system under study. Thus the impor- 
tance of an open minded attitude and 
breadth of view is indicated. As dis- 
cussed elsewhere,*’ this difficulty 
would be overcome in part if the train- 
ing of mathematicians, engineers, and 
scientists were somewhat different from 
what it is now. 

Training. You may ask what 
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branches of mathematics should be 
taught to train people for work of the 
sort discussed here. My reply is: 
training in many fields—and experi- 
ence.** As far as mathematics is con- 
cerned, regardless of what you teach, 
teach for accuracy of thought, expose 
the underlying structure clearly and 
simply, placing great emphasis on the 
significant premises, definitions, and 
the principal theorems which tie the 
various relationships together. Teach- 
ers of engineering, economics, physics, 
. should strive to bring out the cor- 
responding underlying structure of 
each particular field, placing emphasis 
on the relations within this structure, 
the structure as it actually is, and the 
structure of the mathematics used. 
Such training will contribute mate- 
rially to the broad understanding, the 
sharpness, the keenness, the perception 
so necessary for the successful applica- 
tion of scientific techniques to the tech- 
nical and management problems dis- 
cussed in this paper, to problems which 
sometimes because of the great mass 
of conflicting, confusing, and irrelevant 
data are difficult to penetrate to the 
core of underlying principles. 
Research Possibilities. In the de- 
velopment of improved techniques suit- 
able for the use of management execu- 
tive methods already known in other 
fields are and will be found valuable. 
Furthermore, as the use of the mathe- 
matical techniques progress many new 
scientific techniques suitable to this 
field of management will be developed. 
In this way new mathematical research 


6“Training of Mathematicians,” Richard 
S. Burington, JouRNAL oF ENGINEERING 
Epucation, Dec., 1941, Vol. XXXII, No. 4, 
pp. 346-352. 

7 “New Frontiers,” Richard S. Burington, 
Science, March 30, ‘1945, Vol. 101, No. 2622, 
pp. 313-320. 
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may fit into the field of management in 
quite a new way. 


CoNCLUSION 


The time is opportune for manage- 
ment to draw more heavily from con- 
tact with the spirit and methods of sci- 
ence—and mathematics. The economic 
state of industry is forcing and will 


373 


continue to force this trend. The foun- 
dations for a broad and intricate union 
of science, mathematical science, and 
management craft are being formed 
and must be more fully developed.. 
This should be clearly recognized by 
management, by scientists, by mathe- 
maticians, and by educators in their 
planning and operations. 
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The Application of Three-Dimensional Dy- 
namic Graphics to the Presentation 
of Economic Principles* 


By JAMES D. MOONEY 
President, Willys-Overland, Inc. 


WALTER FRIED 
Engineer, Technical Managers, Inc. 


It should be mentioned at the outset 
that no attempt will be made at this 
time to deliver a discourse on eco- 
nomics. Rather there will be dis- 
cussed some suggestions on the use 
of a new tool, or medium of expression, 
for the exploration, teaching and pres- 
entation of economic principles. 

It would be difficult to select a sub- 
ject in which the limitations of the 
spoken and written word present a 
greater handicap to a general under- 
standing and grasp than economics. 
understood meaning. Needless to 
as “The Dismal Science”—and no 
wonder! Discussions of economics, 
whether they be held in the classroom, 
at the conference table of the “high- 
powered” business executives or over 
the average man’s dinner table, are 
ordinarily as coherent as the voices at 
the Tower of Babel. A multitude of 
factors are tossed into the verbal free- 
for-all and, to add to the confusion, 
rarely do any two of the participants 
use the same term with a commonly 
understood meaning. Needless to say, 

* Presented at the Conference on Engi- 


neering Economy, A.S.E.E. Annual Meeting, 
Minneapolis, June 18-21, 1947. 


under these circumstances, the dis- 
cussion is soon in a hopeless mess 
wherein no two are talking about the 
same thing or following a center line 
of thought that leads to a coherent 
solution. 

And it is not surprising that this is 
so when one considers the vast pat- 
terns of activities and far-reaching in- 
terrelationships embraced within our 
economic society. 

Clearly, to break through the con- 
fusion of words, statistics and charts, 
some new technique or medium of ex- 
pression is required. Certainly the 
gravity of the economic problems con- 
fronting us injects a note of compelling 
urgency to bring the facts down to an 
understandable level so that all may 
join forces in pressing towards a solu- 
tion. 

It was, in fact, the urge to overcome 
this inadequacy of the verbal approach 
that led directly to the development of 
what we have called “Three-Dimen- 
sional Dynamic Graphics.” The par- 
ticular incident that precipitated action 
in this direction was a request, a num- 
ber of years ago, by a financial journal, 
for an article on foreign exchange. 
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After struggling with the preparation 
of this article, which attempted to show 
how exchange rates fluctuated in rela- 
tion to the gold markets, it was finally 
decided to drop the whole thing; the 
many factors involved soon surpassed 
the limitations of writing to keep it all 
straight. The final outcome, after sev- 
eral years work, was the development 
of an illustrative series of patterns em- 
ploying the “Graphic” technique. 

The accompanying photographs 
(Figs. 1 to 6 inclusive) show views of 
the material developed thus far. It is 


apparent that the word “graphics” is 


used here in a far broader sense than 
is implied in the dictionary definition, 
“descriptive representation by means 
of charts, graphs or diagrams.” We 
see here that the Three-Dimensional 
Dynamic Graphics cogently treat such 
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objects as “Supply and Demand,” 
“Commodity Prices,” “Value of 
Money,” and “Distribution of In- 
come” by the integrated use of all types 
of representations. In the develop- 
ment of this medium of expression the 
separate fields of physics, chemistry, 
mechanics and mathematics were 
tapped. The latest techniques in light- 
ing, color and art were explored. Thus 
the word “graphics” is used here to 
imply the combined use of charts, 
photographs, diagrams, the objects un- 
der consideration themselves or replicas 
of them, and physical, dynamic, analo- 
gies of abstract processes. 

As we look further into the char- 
acteristics of the Graphic technique, we 
will find that it not only supplements 
and largely replaces the verbal and 
conventional graphic approaches, but 


Fic. 1. Three-Dimensional Dynamic Graphics as applied to an analysis of the factors 
influencing commodity prices. The representation of the supply and demand for commodities, 
gold and paper money by means of colored liquids and the use of other appropriate analogies 
makes it possible to portray in concrete form what heretofore largely have been abstract 


conceptions. 
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Fic. 2. The operation of “The Law of Supply and Demand” is here depicted in “Graphic” 
form. No liberties have been taken in the interpretation; absolute consistency and integrity 
are maintained in cogently illustrating the classical relationships between Supply, Demand 
and Price. 


‘ 


Fic. 3. Replacing the conventional bar chart, this “Graphic” pattern illustrates how a 
family’s annual income distributes itself progressively into the several major classifications of 
expenditures. By adjusting the various settings and calibrations, a number of different 
problems dealing with family or National income may be demonstrated. 
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Graphic” 
integrity 
Demand 
Fic. 4. Here the flow, distribution and conservation of capital in industry are illustrated 
through the medium of “Three-Dimensional Dynamic Graphics.” By applying authentic, 
factual data to the “graphic” pattern many popular misconceptions regarding the financial 
aspects of industrial operations may be cleared up. 
how a 
tions of 5 
lifferent 


Fig. 5. General view of a comprehensive presentation of economic fundamentals, em- 
ploying the “Three-Dimensional Dynamic Graphics” which was on exhibit at the Willys- 
Overland plant in Toledo, Ohio. 
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Fic. 6. Another view of the presentation at the Willys-Overland plant. Notice the use 
of the pictorial murals for the purpose of creating atmosphere and adding a down-to-earth 


sense to the treatment of the subjects. 


that it can go further in simultaneously 
coping with a large number of vari- 
ables and economic concepts and while 
doing so, ingests such factors as “quan- 
tity,” “flow,” “direction” and “magni- 
tude.” 

To better familiarize ourselves with 
the inherent potentialities of the 
Graphic technique let us examine, in 
some detail, one of the units compris- 
ing the group thus far developed. For 
this purpose, let us consider the unit 
which was designed to assist in the 
analysis of the factors influencing com- 
modity prices. 

As we know, from painful experi- 
ence, fluctuating prices constitute one 
of the greatest problems confronting 
us, from the housewife on up to the 


average business man or the group re-: 


sponsible for the management of a 


corporation. Nevertheless, we are in 
the habit of giving too little thought 
to what goes on behind the price scene. 
We think of price simply as the amount 
of money we must pay in exchange for 
something we want, and relate price 
fluctuations to some shadowy thing 
called “Supply and Demand” and then 
let it go at that. 

Actually, of course, price is not, in 
itself, a single entity. Instead it is the 
resulting of a number of more or 
less independent components. The 
“graphic” pattern we are about to dis- 
cuss is an attempt to identify and rep- 
resent these separate components and 
thus, in a sense, take the price structure 
apart and then put it back together 
again to show how it works. 

As we have already intimated, at the 
root of all price changes may be found 
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a group of interrelated variables whose 
combined actions and reactions are 
commonly referred to as “The Law of 
Supply and Demand.” In fact all of 
the various areas of economics—pro- 
duction and distribution, banking and 
credit, taxes, international trade, for- 
eign exchange, the value of money and 
the gold standard—can be intelligently 
explored once a firm grasp is had of 
the law of supply and demand. It 
seemed logical, then, in developing the 
Graphic pattern for analyzing com- 
modity prices, to start out with a study 
of this law. 

One of our first steps, accordingly, 
was to set down, in much the same 
style used in the elementary science 
textbooks, a definition of this “law,” 
for example : 


The price of a commodity rises with 
an increase in demand or a decrease 
in supply. Conversely the price falls 
with a decrease in demand or an in- 
crease in supply. 


Stated in another way: 


As the price of a commodity rises, 
the demand for it tends to decrease 
while the supply tends to increase. 
Conversely as the price falls the de- 
mand tends to increase and the 
supply to decrease. 


Thus we had, in verbal form, a state- 
ment of the law of supply and demand 
in its simplest form, without taking 
into account any consideration of pos- 
sible fluctuations in the value of the 
medium of exchange in terms of which 
the price was stated. 

To assist in our thinking we also 
framed the law in mathematical form, 
thus: 


DC 
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where: 
P = Price 
DC = Demand 
SC = Supply. 


Still another medium for expressing 
or representing the interrelationships 
of this law would be by means of a 
symbolic chart (Chart 1). 


CONDITIONS AFFECTING 
THE VARIABLE FACTORS IN 


THE LAW OF SUPPLY AND DEMAND 


SUPPLY DEMAND 
OF THE FOR THE 
COMMODITY COMMODITY 


CHART 1 


It is interesting to note that the 
moment we made use of even this 
simple graphic representation, the 
“law” takes on new life; new implica- 
tions arise. The chart suggests, better 
than do words, that even when stable 
money is assumed, no less than nine 
combinations are possible of the vari- 
ables influencing price. 

Let us now see how the law of 
supply and demand can be portrayed 
by Three-Dimensional Dynamic Graph- 
ics. 

To start with, supply and demand 
are each portrayed by streams of liquid 
flowing respectively into and out of a 
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receptacle. Valves are provided so that 
the rate of flow of the streams may be 
varied at will. The contents of the 
receptacle represent the stocks, or in- 
ventories, of the commodity offered for 
sale. It will be noticed that a fortunate 
harmony exists between the graphic 
analogies employed and the terms 
conventionally used in economics; 
“flow of goods,” “streams of pro- 
duction,” “pressure,” “quantity,” “re- 
serve stocks,” etc. 

Examining the Graphic pattern, 
further, the “Inventories” receptacle 
will be seen to be supported on a float 
which is free to rise and fall with 
changes in the weight of the “inven- 
tories.” A pointer is attached to the 
floating unit and ties in with a “Price 
Scale” which is simply a stationary 
card marked off with suitable calibra- 
tions. As the float sinks, the pointer 
moves down on the scale, indicating a 
falling price and vice-versa. 

We are now ready to check the 
operation of the Graphic pattern by 
means of a simple illustration. 

Suppose it were desired to illustrate 
the effect on price of an excess of 
demand over supply. The demand 
valve would be opened wide while the 
supply valve would bet set to allow 
only a small stream to flow. The dif- 
ference in the rates of flow of the two 
streams would gradually drain off the 
“inventories.” The decreasing weight 
of liquid in the inventories receptacle 
would cause the float to rise, symbol- 
izing a rise in price. All of the re- 
actions portrayed here in Graphic form 
would be in full accord with economic 
reality. 

The opposite case, an excess of 
supply over demand, or any number of 
variations, could also be illustrated-and 
the portrayal would jibe with eco- 
nomic fact as well as with the fore- 
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going verbal, mathematical and chart 

expressions of economic behavior. 
Notice, however, that the Graphic 

pattern is capable of reaching beyond 


‘the limitations of the verbal, mathe- 


matical or conventional charts repre- 
sentations. The Graphic technique is 
able to ingest and cope with factors not 
readily handled by the other mediums. 
Only in the Graphic pattern are the 
concepts of “rate of flow” and “vol- 
ume,” for example, injected in a con- 
crete way along with the implications 
they introduce. While the verbal, 
mathematical and chart expressions all 
tell us that an excess of demand over 
supply will cause a rise in price, they 
do not show us, through the three- 
dimensional medium, the actual dy- 
namic flow and the graphic treatment, 
how the relative rates of flow cause 
the inventories to be depleted with a 
resultant rise in price. Nor can they 
portray the various graduations that 
can be illustrated with the Graphic 
pattern. 
Still another important advantage is 
that the Graphics arrangement lends 
itself to calibration under appropriate 
conditions. For example, in the origi- 
nal development of this Graphic treat- 
ment of commodity prices, actual sta- 
tistics on cotton, monetary stocks of 
gold in the World and in the United 


' States, and Government paper dollar 


obligations were used. The resultant 
pattern, which gave an analysis of cotton 
prices, was checked by Alston H. Gar- 
side, then Economist of the New York 
Cotton Exchange, who endorsed the 
integrity and accuracy of the portrayal. 
When the calibrations and setting of 
the Graphic pattern were adjusted in 
accordance with the statistics applying 


to successive years, a price curve was 


traced which was in remarkably close 
agreement with historical fact. 
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Having digressed for the moment, 
let us return to a consideration of the 
price structure and let us continue to 
translate the various concepts into the 
Graphic pattern. 

We have just discussed the relation- 
ships that exist between supply, de- 
mand and price, assuming, all the while, 
a stable medium of exchange. Suppose 
we now introduce the complicating fact 
that the value of the medium of ex- 
change may vary. The economic phe- 
nomena involving the additional vari- 
ables may, of course, be described 
verbally, although we will not take the 


time here to set down the necessary 


phraseology. 

We can indicate the general nature 
of these effects in another mathemati- 
cal shorthand statement, thus: 


DC 1 
=3C* VM 


where the new term 


VM = Value of Money. 


Or we can restor to an elaboration of 
the chart previously used (Chart 2). 

It immediately becomes apparent 
that the introduction of the additional 
variable, the value of money, has com- 
plicated our problem considerably. In- 
stead of the original nine possible com- 
binations of the factors affecting price, 
we now have 27. If we go a step 
further and introduce individually the 
separate supply demand factors in- 
fluencing the value of the medium of 
exchange we would have 81 combina- 
tions. 

To go even further along this line, 
if instead of the general term, “medi- 
um of exchange,” we inject the con- 
cepts of gold and paper money and, 
following that, introduce the separate 
supply demand factors surrounding 
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CONDITIONS AFFECTING 
THE VARIABLE FACTORS IN 


THE LAW OF SUPPLY AND DEMAND 


[SUPPLY DEMAND VALUE 
OF THE FOR THE OF 
COMMODITY COMMODITY MONEY 
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—— 


CHART 2 


them, we would find that we could 
chart as many as 6,561 different com- 
binations of the variables. 

Needless to say, by this time we 
would have far surpassed the ability 
of the verbal, mathematical or chart 
expressions to convey to our minds, 
much less anyone else’s an intelligible 
impression of the workings of the 
price structure. Thus, it is evident 
that as the number of variables in- 
creases, the full merit of the Three- 
Dimensional Dynamic Graphic tech- 
nique becomes apparent. 

Let us now see how the Graphic 
pattern portrays price fluctuations 
caused by changes in the value of the 
medium of exchange. The float sup- 
porting the “commodity inventories” 
is seen to rest in a stock of liquid 
which represents, in this particular 
study, World stocks of monetary gold; 
i.e., the medium of exchange. Addi- 
tions to, and withdrawals from this 
stock, that is, the supply and demand 
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for gold, are represented by streams 
of gold colored liquid flowing into or 
out of the tank. To express this in 
another way, we are merely saying 
that the value of gold is governed by 
the same Law of Supply and Demand 
which exerts its influence in every 
other corner of the economic scene. 

To check the integrity of the graphic 
analogy in its portrayal of the effects 
of changes in the value of gold, let us 
assume that the stocks of gold were to 
increase greatly, due perhaps to the 
discovery of vast new deposits of the 
metal. We all know from experience 
that the more of any commodity we 
have at our disposal, the less valuable it 
becomes. Hence, in the case assumed, 
the increase in the quantity of gold 
would cause a depreciation in its value. 
What would be the effect of this on the 
price of the commodity, and how would 
this manifest itself in the Graphic pat- 
tern? 

It will be realized that the rise in 
level within the gold tank will cause 
the float carrying the commodity recep- 
tacle to rise. The price pointer, being 
attached to the float, will also rise, re- 
flecting the fact that gold has dropped 
in value and, therefore, more of it must 
be given in exchange for a unit of the 
commodity. 

Obviously many other examples can 
be illustrated, but rather than to take 
the time to do this, we shall indicate 
briefly how the factors surrounding the 
value of paper money are introduced 
and interpreted by the Graphic pattern. 

Although, thus far, we have used the 
term “price of the commodity,” we 
have, strictly speaking, been dealing 
with its “gold value.” In every day 
affairs, however, we do not give much 
thought to gold values. We ordinarily 
think of the price of things in terms of 
the paper money of our country. To 
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portray the concepts of these two sepa- 
rate “price tags,” we have two price 
scales in the Graphic pattern. The 
first scale, which is the one we have 


- been dealing with up to now, indicates 


the “gold value” of the commodity, as 
for example, so many grains of gold 
per pound of cotton, or bushel of wheat. 
A second price scale, placed alongside 
the first, indicates the paper money 
price, equivalent to the gold value ex- 
isting at the moment. This price would 
be quoted, for example, in terms of 
cents per pound of cotton, or dollars 


per bushel of wheat. 


The numerical relation existing be- 
tween the gold value and the paper 
money price will depend, of course, 
upon the prevailing “value,” or “gold 
content,” of the dollar. This consid- 
eration, however, introduces a host of 
new factors which, in their influence 
upon the gold value of money, also 
affect the money price of commodity. 
The factors influencing the value of the 
dollar are portrayed in the larger of 
the two cabinets of the Graphic pattern. 
We find that the mechanical arrange- 
ment is already familiar, for the simple 
reason that the Law of Supply and 
Demand is again being portrayed; 
changes in the value of money being 
subject to the same basic laws of human 
behavior. The interrelationship of 
value existing between gold and the 
dollar, that is, the “gold content of the 
dollar,” is indicated on a scale which 
gives the “Price of Gold” in terms of 
dollars per fine ounce of gold. 

This relationship, of course, is ordi- 
narily fixed, or pegged, by law and in 
the Graphic pattern, a “Price Peg” 
makes it possible to peg “the dollar 
price of gold” at any desired figure. 
Some rather interesting reactions are 
seen to occur, in spite of the presence 
of the price peg, when such factors as 
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the “Total Government Dollar Obliga- 
tions” are allowed to get remarkably 
out of line with the other factors. For 
example, should the dollar obligations 
be increased out of normal proportion 
to the “Treasury Gold Holdings,” it 
will be noticed, on the Graphic pattern, 
that “Paper Dollar Prices” begin to 
creep upward. This happens even 
though the “Gold Value of the Com- 
modity” remains unchanged. 

If the experiment is carried still 
further, the stresses caused by the 
forces at work strive to manifest them- 
selves in a rise in the “Price of Gold” ; 


that is, a decrease in the “Value,” or . 


“Gold Content,” of the dollar. But 
the price peg prevents this change in 
value from being apparent on the scale. 

If the forces become too great, how- 
ever, the price pointer gives way and 
the entire system goes through a series 
of violent fluctuations. Equilibrium is 
finally restored but with a new value 
relationship existing between gold and 
paper money. It will be found, when 
the system settles down, that the “Price 
of Gold” is at a higher level than before 
and that “Commodity Prices,” in terms 
of paper money, have risen in ‘exact 
arithmetical proportion. Meanwhile, 
assuming no other changes have been 
made, the “Gold Value of the Com- 
modity” has remained unchanged. 

This is only one of the many prob- 
lems concerning price that can be il- 
lustrated by means of this Graphic pat- 
tern. Time does not permit further 
demonstration. 

Briefly, in review, this Graphic pat- 
tern makes it possible to show that 
price is not, in itself, a single entity. 
Rather it is the resultant of a number 
of independent variables. Using the 
Law of Supply and Demand as our 


basis, we can trace through the price 


structure to determine in what ways 
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the separate factors effect price. Al- 
though there are far more variables 
than could comfortably be handled 
through the medium of words, mathe- 
matics or charts, the Graphic pattern 
makes it possible to deal with them 
either individually or simultaneously. 
Thus we are able to progress, step by 
step, in an orderly analysis of the price 


picture. 


The Graphic pattern just discussed 
is but one of several that have been 
developed to date. A brief description 
of these other patterns will serve to 
indicate the adaptability of the Graphic 
technique in presenting other economic 
fundamentals. 

An adaptation of the pattern just de- 
scribed goes a bit further in adding a 
sense of realism and life to the por- 
trayal of the Law of Supply and De- 
mand. Whereas in the first example, 
the various actions symbolizing eco- 
nomic phenomena are manually con- 
trolled, the demonstration is rendered 
more vivid by providing means for 
automatically varying the streams of 
supply and demand in accordance with 
changes in price. Thus, the various 
actions and reaction that constitute the 
“law” are enacted in a dynamic man- 
ner; supply and demand automatically 
interacting with each other and price. 
When let to itself, this Graphic pattern 
always seeks equilibrium and comes to 
rest with price at a “normal” or “aver- 
age” level, and with supply and de- 
mand flowing copiously. Any external 
influence tends to upset the balance, 
but the directions of the forces at work 
are always such as to reestablish: the 
equilibrium. 

The Three-Dimensional Dynamic 
Graphic technique has also been ap- 
plied to a portrayal of the distribution 
of family income. This pattern re- 
places the conventional bar chart in 
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dynamically illustrating how a family’s 
income distributes itself progressively 
into several major classifications of 
expenditures. The sequence in which 
the liquid flows and apportions itself 
represents the priority in which each 
class of expenditure normally exerts its 
claim upon the income. By adjusting 
the volume of the separate containers 
and by using other sets of calibrated 
scales, or even other groups of model 
replicas, it is possible to experiment 
with and illustrate a wide variety of 
problems dealings with the distribution 
of family, industrial or National income. 

Still another pattern cogently shows 
the flow and regeneration of capital 
within industry operating under our 
system of free enterprise. “Industry’s 
Gross Income,” stemming from sales 
and fresh capital, is portrayed by means 
of a stream of liquid which flows into 
a tank and furnishes the ‘Operating 
Capital” required to meet the cost of 
materials, labor, management, depreci- 
ation, rent and interest, all of which 
are represented by streams draining 
from the bottom of the tank. After 
“Operating Expenses” have been met, 
the “Net Income Before Taxes” runs 
off through an overflow to a tank from 
which “Taxes” are withdrawn. The 
remainder overflows to still another 
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tank where it is divided between “Divi- 
dends” and “Surplus.” The pattern 
emphasizes the importance of surplus 
as a source from which capital may be 


‘drawn for investment in new enter- 


prises or for reinvestment in going 
concerns. 

In conclusion the point is again 
stressed that the development of these 
Graphic patterns does not represent an 
attempt to expound any economic the- 
ories or doctrines, either new or old. 
All that has been undertaken has been 
the development of a means for explor- 
ing and interpreting, in a concrete way, 
what heretofore largely have been ab- 
stract conceptions. Throughout the 
development work every effort was 
made to maintain absolute integrity 
and consistency with economic reality. 
No original data or statistics were de- 
rived; those used were taken from 
standard and authentic sources. 

It is also pointed out that none of 
the patterns is presented as a finished 
product. All are original, experimental 
models and obviously much refinement 
is possible. However, it is hoped that 
the work done thus far will be accepted 
as a suggestion of an approach for 
presenting some of the basic economic 
principles underlying our system of 
free enterprise. 
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Educational Problems of Graduate Student 
Theses Based on Sponsored Research * 


By JOHN W. M. BUNKER 
Dean of the Graduate School, Massachusetts Institute of Technology 


If a graduate student bases his thesis 
upon his own research, which is part 
of a sponsored program, does the spon- 
sorship itself create a situation likely to 
be unfavorable to his education? 

This is a question which is pertinent 
because of the unusually large amount 
of government-sponsored research in 
pure and applied science, in this post- 
war period, in universities which are 
crowded with graduate students seek- 
ing research subjects for theses. More- 
over, since the question has been raised 
in respect to government-sponsored re- 
search, how about institutional re- 
search under industrial sponsorship? 

These are questions which seem des- 
tined to create considerable commotion 
in academic circles, and the degree of 
agitation occasioned by their considera- 
tion varies immensely with restrictive 
definition of the premises. 

Money, as a medium of exchange, is 
paid out only in return for something 
received or expected, and money paid 
into a university is no exception. 
When funds are made available for uni- 
versity research, it is important that the 
recipient institution stipulate that they 
are accepted for expenditure under 
stated conditions which are compatible 
with university ideals and objectives. 
These in the main comprise the ad- 


* Presented at the Conference on Gradu- 
ate Studies at Minneapolis, June 19, 1947. 


vancement of knowledge and its dis- 
semination without special privilege or 
favor, with reservation of right to de- 
cide what, when and where to publish. 
Under such conditions a contract col- 
loquially may be described as “with- 
out strings.” Research under a con- 
tract “without strings” is appropriate 
for graduate student participation and 
presents no educational problems on 
account of the contract. 

If military foresight or industrial self- 
interest requires restrictions on pub- 
lication of results, it is usually better 
that a graduate student keep clear in 
so far as thesis work goes. However, 
in every administrative formula part 
of the formula should be a provision 
for its violation when there is good 
reason therefor. 

On the other hand, contracts for de- 
velopment of particular devices. do 
merit scrutiny, lest thesis research 
thereunder become too much directed 
training and too little constructive con- 
tribution. 

A contract tendered by a business 
concern is likely to be for a particular 
service of immediate interest to- that 
concern, although Industry is coming 
to realize that its future growth will 
thrive in proportion to the quality and 
capacities of its future employees, now 
in school. Directors and heads of 
business are less likely to quibble over 
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patent rights, publication, etc., than are 
the lesser men in their organizations. 
The universities will have less trouble 
in arranging sponsored research if 
dealings are with the top men in the 
sponsoring agency. 

There is the matter of preference 
among competing governmental bu- 
reaus for work in a given area. The 
less experienced bureaus are more 
prone to attempt to dominate in insti- 
tutional contracts. The better organ- 
ized and more experienced agencies 
are more aware of the importance of 
essential basic fundamental explora- 
tion of backgrounds than are the 
more quick-on-the-trigger, speedy-ac- 
tion boys, and are more satisfactory to 
deal with. 

In a statement of policy relating to 
governmental contracts for research, 
one of our engineering institutions 
points out that “As an American insti- 
tution devoted to education and the 
advancement of knowledge in the field 
of technology, this institution has al- 
ways felt a special responsibility to 
render public service, especially to any 
branch of local, state or federal gov- 
ernment. As a private institution, 
chartered to perform specific functions 
and operating largely on funds given 
for its corporate purposes, the govern- 
ing. body of this institution must retain 
proper control of the operations car- 
ried on by or in the name of that insti- 
tution. In order to perform its best 
service to the government, this institu- 
tion feels it must be free to operate 
without restrictions which in its judg- 
ment would reduce its effectiveness. 
Imposition of governmental controls 
or methods would weaken or destroy 
the very factors which differentiate 
educational institutions from govern- 
mental establishments. Hence, if the 
government has good reason to desire 
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a private institution to undertake a 
project, there is equally good reason 
why the government should not inter- 
ject into the institution’s operations 


-more than a minimum of governmental 


procedures and controls, otherwise the 
government would weaken the insti- 
tution’s principal asset, and the job 
had better be kept out of the institu- 
tion and set up under full govern- 
mental control in a governmental estab- 
lishment.” 

In a planned research program in- 
volving development or design, any 
portion thereof which requires that a 
solution to a problem must be achieved 
by a definite date in order that the 
project may be completed on a fixed 
time schedule seems inappropriate for 
student research. The fact of a dead- 
line date is likely to be too much in 
the mind of a research supervisor who 
then is likely to be impatient with the 
amateur investigator’s meandering, and 
constantly to tell him where lies the 
trail from which he has strayed. To 
be sure, it is a part of educational 
technique to teach the wanderer how 
to find his own way back to the path, 
else on his first exploration without a 
guide the tenderfoot gets lost. This 
takes patience and an amount of time 
that is unpredictable. 


To regard with disapprobation a re- » 


search project for a student solely 
because it is in applied science has no 
logical justification. The problems of 
professional practice are pragmatical, 
but their solution may require the ut- 
most of basic science. Too often, the 
term “pure science” is used to bolster 
the wavering self-respect of the intel- 
lectually undisciplined dilettante, who 
usually is the only one to look down 
his nose at the “practical” fellow. 
There is of course a danger that ap- 
plied science may become gadgeteering 
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or hardware engineering, but to the 
climber, the necessity of guarding 
against the abyss on either side adds 
zest to the ascent of the ridge. 

A student enrolled for thesis on con- 
tract research recently complained that 
he found his initiative curbed by con- 
ditions of his work on a project which 
had as its objective the perfection of a 
device. It would be easy to blame the 
contract or its objective for this dis- 
satisfaction ; more judicial would be an 
inquiry into the technique of his re- 
search supervisor. Was the student’s 
part of this larger project wisely 
chosen? If it was the student’s choice, 
was he wisely counselled when it was 
approved? Not all thesis topics in 
pre-war days were wisely selected. 
What of the other students on the 
same project who did not express dis- 
satisfaction? Was this because they 
were less mentally alert, or did their 
thesis subjects give them a better 
break, or was their guide more skill- 
ful? It does not do to judge from 
isolated evidence. 

The feeling has been expressed that 
a stipulated budget on a contract re- 
search makes a supervisor less tolerant 
of inefficient efforts of the beginner, 
and results in the latter being “told” 
what to do too often for his own good. 
If there be in a contract that which is 
absent from institutional appropriations 
which encourages keeping the budget 


balanced, perhaps this is not an un- 


mitigated evil. But as long as the su- 


pervisor recognizes his primary obliga- 


tion as that of educator, it would seem 
that the more careful his bookkeeping 
the better for all concerned. 

Waste cannot be condoned by the 
excuse of academic freedom. On the 
other hand penny pinching may well 
reduce the full measure of educational 
In Utopia there will be no 
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stint of funds for untrammeled re- 
search; in America research costs 
money and an awareness of its value 
is not a demerit. It seems difficult to 
maintain an assertion that conscious- 
ness of a limit to funds expendable 
should of itself pose an educational © 
problem for participants in a research. 
The more one examines the experi- 
ences of teachers and students in regard 
to participation in research, the cost of 
which has a definitely detectable spon- 
sor, the more it appears that if there 
be any difference between the educa- 
tional value of such sponsored research 
and other institutional research (the 
funds for which have been derived from 
a less directly traceable source), this 
difference exists for one of two rea- 
sons: either the institutional authori- 
ties which accepted the contract did not 
exercise wise choice in accepting re- 
strictions therein, or the research su- 
pervisors have compromised their edu- 
cational ideals. There need be noth- 
ing in contract research per se to create 
any educational problem. 

On the other side of the ledger one 
can find definite assets and advantages 
for the student. participant. Although 
intelligence will always outrank equip- 
ment for promoting research achieve- 
ment, brains plus equipment offer a 
combination that is greater than the 
sum of its parts. Time spent by mortal 
is gone from him forever; equipment 
saves time, and equipment is an ex- 
pected accessory of a sponsored project. 
A student participant in a research 
project which has ample shop, produc- 
tion, and testing facilities, may have 
at his ultimate disposal material re- 
sources far beyond those which the 
contracting institution could otherwise 
provide. 

As one concrete example, the thesis 
subject of John Doe was the theoretical 


|| 
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solution of a problem in tracking, from 
an air-borne source, an object in flight. 
A highly theoretical solution was pre- 
pared by him and its mathematical 
support was convincing. This would 
in any day be regarded as commendable 
student thesis achievement. Because 
he had contributed to one phase of an 
extensive contract research, there were 
made available to him the services of a 
machinist suitably equipped to turn out 
precision instruments, and he was able 
to have the design translated into fabri- 
cated equipment. In one of the proj- 
ect’s planes he tested his equipment on 
suitable targets, and the plot of results 
justified the predictions of the theory. 
This is a solution in which hypothesis 
has been scientifically established and 
actually tested. The results are valu- 
able to the art involved, and to the 
confidence of the investigator on his 
first important test in scientific engi- 
neering research. 

Another type of advantage from par- 
ticipation in a well supported program 
of research is illustrated by the field of 
servo-mechanisms in which a problem 
usually involves the consideration of 
an entire system. Although: research 
on integral parts of the system or upon 
solution of theoretical matters leading 
to design of a single component may 
often be entirely suitable as a challenge 
to the creative scientific imagination, 
the added value which comes from fit- 
ting such solutions into a balanced dy- 
namic system is something extra. If 
a theoretical solution is translated into 
instrumentation, is this not the normal 
course of events in useful engineering 
practice? 

Still a third advantage may accrue 
to the student when his thesis is based 
upon an integral part which is selected 
because of its pertinence to a whole 
solution. This is the accessory value 
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which comes from interchange of ex- 
periences and views with fellow work- 
ers all of whom have a common bond 
of interest in that they are working 


‘toward a common end. The sense of — 


belonging is a valuable asset to any 
human being. To belong to a group 
all working toward a common useful 
end contributes to morale, and is a 
spur to added effort. Each member 
of a real team endeavors to carry out 
his own assignments and not to let the 
other fellow down. This is good train- 
ing for effective citizenship as well as 
for participation in research team work. 

It is a healthful thing for an educa- 
tional institution to inventory from 
time to time both its research commit- 
ments and its research educational 
methods. It is even of value to imag- 
ine evils of pressures in contract re- 
search whether or not they exist, for 
if they do, then corrective measures 
will be applied, and if they do not, still 
the process of self-examination may 
disclose that which has been over- 
looked. It is equally sound practice 
to take stock of educational practices 
in general, and to formulate the things 
that should not be done so that each of 
us can be reminded against slipping 
into ways of doing things that are not 
the best ways for our students. 

In student thesis research, much de- 
pends upon the motivation of the thesis 
supervisor. He must never forget that 
he is first of all, and in spite of any 
considerations whatsoever, an educator 
charged with educational responsibility. 
This responsibility is to bring out in 
students those skills and capacities 
which, if effectively applied, will result 
in creative professional performance. 
The objective of the thesis supervisor 
is not to produce volumes of publish- 
able material. That is a by-product of 
his main job which is to produce the 


proc 
men 
catic 
denc 
been 
mus 
itsel: 


trair 
out « 
the 
tione 
toral 
brev: 
of ay 
caus 
the « 
tivel: 
logic 
sults 
supp 
a chz 
the c 
have 
exist. 
rathe 
tegrit 


of ex- 
y work- 
bond 
vorking 


ense of 


to any 
1 group 
. useful 
id is a 
member 
rry out 
» let the 
d train- 
well as 
n work. 
educa- 
y from 
‘ommit- 
cational 
o imag- 
ract re- 
cist, for 
easures 
ot, still 
yn 
1 over- 
practice 
ractices 
2 things 
each of 
slipping 
are not 


uch de- 
e thesis 
get that 

of any 
ducator 
sibility. 
out in 
ipacities 
ll result 
rmance. 
pervisor 
publish- 
of 
luce the 


GRADUATE STUDENT THESES 


producers of the future. 
ment of thesis results worthy of publi- 
cation may be properly set as the evi- 
dence that this educational job has 
been properly done, but the evidence 
must not be confused with the goal 
itself, nor be substituted for it. To 
train a skillful manipulator to carry 
out one’s own ideas is to have produced 
an apprentice but not a master. 

To develop the master, we must lead 
the student more and tell him less. 
How to do this is a perpetual educa- 


-tional problem. It is a problem which 


seems less acute in the case of a doc- 
toral thesis than it is in the more ab- 
breviated master’s research ; it appears 
to an engineer to be less acute in the 
fields of abstract science than in those 
of applied science, perhaps partly be- 
cause the grass is always greener in 
the other fellow’s yard. 

In the professional world into which 
our graduates will enter, there are rela- 
tively few opportunities for a life ca- 
reer in an ivory tower. The needs of 
a changing social order in this techno- 
logical age are specific and acute. Re- 


sults are demanded, and it may be 


more and more difficult to secure the 
support necessary for creative fact find- 
ing research which is the necessary 
foundation for the applications so obvi- 
ously needed. 

We are very likely in the midst of 
a change in our universities. Perhaps 
the comfortable isolation and independ- 
ence which we like to call academic 


freedom are changing. .Perhaps we’ 


have to yield something in order to 
exist. Let the yielding be apparent 
rather than real, if come it must. In- 
tegrity cannot be compromised, expedi- 
ency is to be shunned, but a higher 
degree of academic respect for research 


in applied science may be practical as 


The attain- . 
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well as deserved. Concrete results 
will always more readily persuade 
financial backers; that is a result of 
human nature. 

To quote from the Manual of Gradu- 
ate Study published by this Society in 
1945, “The preparation, execution, 
and defense of a thesis is an extremely 
useful part of professional education. 
It is normally required that the Mas- 
ter’s thesis demonstrate the ability to 
analyze a problem clearly and either to 
carry on a research assignment with 
reasonable guidance (italics are edi- 
torial) by the thesis advisor, or to 
develop a design incorporating novel 
features. .. . The requirement for the 
Doctor’s dissertation is invariably inde- 
pendent research culminating in an 
original contribution to engineering.” 

This or an equivalent guide should 
be always in mind when appraising a 
project for its suitability for graduate 
student participation. If the problem 
is one that challenges the student’s 
capacity to draw upon the facts accu- 
mulated in his previous and current 
educational experience ; if it challenges 
his ingenuity to devise its solution; if 
it be one in which his participation: 
gives him pride, that is a suitable thesis 
research problem. That is the only 
sort of problem that can with fairness. 
to him be approved. How the ex- 
penses are met, whether by direct or 
indirect contribution, seems to be be- 
side the point. 

The conclusion, therefore, seems jus- 
tified that there need be no educational 
problem involved in graduate student 
participation in research solely because 
it is part of a sponsored contract ; there 
always have been and always will be 
many educational problems in the di- 
rection of graduate student research in 
general. 
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Some Problems of Military and Naval 
Training Programs™ 


By EVERETT D. HOWE 


Assistant Dean of Engineering, University of California, Berkeley 


The recent report of the President’s 
Advisory Commission on Universal 
Training indicates that the peace time 
military and naval services will aggre- 
gate 1,535,200 men, and that something 
like 30,000 new regular and reserve 
officers must be supplied each year. 
The present service academies are lim- 
ited in physical size and can produce 
only about 1,300 officers each year. 
The Army and Navy have, therefore; 
turned to the civilian colleges for the 
training of the bulk of the officers 
needed. The plan is to subsidize the 
education of those who may elect the 
Army or Navy as careers, permitting 
them to follow regular civilian college 
curricula, but requiring them to include 
appropriate military or naval training 
courses in their programs each term. 
Commissions in the regular Army or 
Navy are awarded to these men when 
they graduate from college. Students 
who do not select the Army or Navy 
for careers may take the same training 
without subsidy and may be awarded 
Reserve commissions upon graduation. 
Thus, the ROTC and NROTC pro- 
grams of the present day differ from 
those of prewar days in that they must 
provide training at least equivalent to 
that characteristic of the service acad- 
emies. If this equivalence is not 


* Presented at annual meeting of the 
A.S.E.E., Minneapolis, June 18, 1947. 


achieved, the graduates of civilian col- 
leges who become career officers may 
be seriously handicapped in competing 
with academy graduates. 

The plans for ROTC and NROTC 
training in colleges require that each 
trainee must undertake one course in 
the training program each term, three 
hours per week in the first two years 
and five hours per week in the last two 
years. In land-grant institutions, in 
which military oy naval training must 
be provided for all able-bodied male 
undergraduates, there is little or no 
problem of time or units at the fresh- 
man and sophomore levels. At the 
junior and senior levels, in these col- 
leges, and at all levels in non-land- 
grant colleges, there is difficulty in find- 
ing time and units available in certain 


‘ curricula, notably those in engineering. 


This shortage of available space has 
become more acute since the war due 
to revisions in the engineering cur- 
ricula which require the students to 
include more of the social-humanistic 


‘studies in their programs than was 


formerly the case. For example, the 
prewar curricula in engineering at the 
University of California, Berkeley, 
included from 110 to 114 units of 
required scientific and professional 
courses as compared with the total of 
136 units needed for graduation. De- 
ducting from the residue of 22 to 26 
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units, the eight units reserved for lower 
division military training, there was a 
net amount of 14 to 18 units which the 
student could use as he wished—for 
social-humanistic studies, for technical 
studies, for military or naval training, 
or to a limited extent for physical 
training. In contrast, the present en- 
gineering curricula at the University 
of California aggregate from 131 to 
136 units for graduation and include: 
provision for between 111 and 114 
units of scientific and professional 
courses, 12 units of social-humanistic 
courses, and 8 units of lower division 
military training. Thus, as matters 
now stand at the University of Cali- 
fornia, the student enrolled in upper 
division ROTC or NROTC must pre- 
sent 16 units of excess credit for grad- 
uation, gaining these units by heavier- 
than-normal programs during the 
regular terms or through attendance 
at more than the regular eight terms 
required by his curriculum. This 
state of affairs has led to criticism by 
the Naval and Military officers on the 
Berkeley campus who feel that the 16 
units of military or naval training 
should be included in the 136 units 
required for graduation. It is believed 
that this same problem exists in vary- 
ing degrees on other college campuses 
and is the source of many discussions 
relating to curricula and similar mat- 
ters. 

If officer candidates are expected to 
follow the normal civilian curricula and 
are to do this without extra units of 
work, the 16 units involved must be 
traded for 16 units in other subjects. 
Most present-day engineering faculties 
are unwilling to approve the deletion 
of any of the social-humanistic studies 
and do not consider the military and 


- naval courses equivalent to the junior 


and senior required courses which 


SOI 


would be displaced. Even though 
some of the military and naval courses 
include technical material, the pre- 
requisites enforced and teaching meth- 
ods used are such as to preclude treat- 
ment of the subject matter in the 
scientific and analytical fashion charac- 
teristic of junior and senior courses in 
engirieering, science and mathematics. 

Although matters of curricula form 
the major content of the two other 
papers in this symposium, it is be- 
lieved appropriate to emphasize here 
that career officers in the Army and 
Navy are not primarily technical spe- 
cialists. If the philosophy basic to the 
curricula used at Annapolis and West 
Point is correct, further consideration 
should be given to ROTC and NROTC 
‘curricula parallel thereto and leading 
to degrees other than the usual engi- 
neering degrees. 

The Departments of Military and 
Naval Science and Tactics differ from 
other departments on civilian college 
campuses in several important re- 
spects. In other departments, the fac- 
ulty member is chosen by college au- 
thorities after careful investigations of 
his competency in the subject field and 
consideration of the candidate’s desire 
and ability to teach. After appoint- 
ment, such faculty members are ex- 
pected to increase in knowledge and 
ability through research and teaching 
over extended periods of time. In 
contrast, the professors of military and 
naval science and tactics are selected 
by the Army and Navy, approved by 
the college authorities without much 
investigation, and assigned to teaching 
duty for brief periods of time. The 
brevity of his stay prevents the in- 
structor in these fields from develop- 
ing his teaching methods very far or 
from undertaking research. 

A second noteworthy difference be- 


ay 
/ 
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tween the departments of military and 
naval science and tactics and other de- 
partments is the complete lack of grad- 
uate and faculty research. Those of- 
ficers who are sent to the colleges for 
post-graduate work are generally as- 
signed to studies in other scientific or 
professional schools of the institution. 
While this condition may be explain- 
able in terms of the brief tenure ac- 
corded the officer-instructors, it intro- 
duces the question as to whether or 
not the Army and Navy are receiving 
maximum value from their connections 
with civilian ‘institutions. Subjects 
such as ballistics and damage control 
are seldom studied in civilian depart- 
ments, but may be appropriate fields 
for graduate research in the military 
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and naval departments respectively. 
The co-operation of faculty members 
in the mathematics, science and engi- 
neering departments could conceivably 
advance knowledge in such fields to an 
appreciable degree. 

In summary, it is fair to state that 
college administrators believe the 
ROTC and NROTC programs to have 
a place in civilian institutions, and that 
these activities furnish the colleges with 
an opportunity to contribute directly 
to national security. It is suggested 
that changes in policy with regard to 
curricula, selection and tenure of of- 
ficer-instructors, and graduate instruc- 
tion could result in an increased return 
to the Army and Navy for their invest- 
ment. 
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Notes on the Use of the Log-Log Slide Rule in 
Connection with Trigonometric Functions 


By R. T. BROWN 


Professor of Civil Engineering, 
University of Tennessee 


The well known cosine law may be revised to avoid the necessity of adding 
and subtracting squares, as indicated below: 


cos A = 

The numerator lacks only 1 term, 2bc, of being the difference of two squares, 
namely, (b+c)?—a®. This expression yields: (6+c+a)(b+c—a). Adding and 
(b+c)?—a?— 2be (b+c+a)(b+c—a) —2be 


subtracting 2bc we have hc be which is 
b b —2 
equivalent to The reason for using the form in 


the second parentheses (b-+c-++-a—2a) is that where once the three sides have 
been added the second term may be obtained readily by subtracting twice the 
side opposite. When solved by slide rule (or by logs) the quotient falls 
between 1 and 2 and the 1.0 is dropped to, obtain the cosine. When the 
angle is greater than 90° the quotient is less than 1.0 and the result is therefore 
minus. In either case three digits are available as cosine, with the third 
digit uncertain.. However, the angles so obtained by slide rule solution are 
about as close as by the use of the half-angle method for sine or cosine. Ex- 


ample: Sides a, 6, c=25, 38, 33 respectively. a+b+c=96; 96—2a=46, 


96X46 96X20 
—2b=20, —2c=30. Cos A 33x33 1 = 0-761, cos | 
96X30 
=0.164, cos 387 
= 
When using sine 1/2A =e and cos 4A = ae with the slide 


rule it is desirable to use the former for angles between 0° and 120° and to 
use the latter for angles between 120° and 180° so that the half angle will fall 
in the area in which the angles are subdivided to 10 minutes or less. Between 
60° and 120° either formula falls in that area. However, for angles less than 


_ 32° the sine formula and above 148° the cosine formula give results in the area 


where the subdivisions are 5 minutes or less. 
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When seeking the cosines of small angles or sines of large angles the follow- 
ing — may be used for greater precision: 


2 2 
2 2 
* 2 20 
Examples: cos 3° 20’=1 1 —0.00169 =0.99831; 
sin 88° 20’ =1 — 1 = 0.999577". 


Occasionally, particularly in dealing with grades in mechanics problems, 
it is desirable to determine the sine of a small angle when the tangent is given. 
Since the ST scale is actually a sine scale, although used for both sin and tan, 
the one cannot be determined from the scale directly. However, since 
tan A tan A tan? A 


sin A =— = ————- = , |__—_*___ it is a simple matter to set the hair- 
secA -+¥1+tan?A 1+tan? A 


line on the given tan on D scale and divide the square on A by 1+the square 
on B and read the sine or D at the C index. Example: tan A =0.0425; 


sin A =?; N 1+0.0 4752 = 0-0421 =sin A. This method, is of course, not limited 


0.325? 
to small angles as sin (tan 0.325) V 1+0.325% 0.316. Similarly sine may 
sin A sin A 


be converted to tan by tan A Example: sin A =0.5575; 


0.5575? 31 
= = 
tan A 671+ (0.6716 by tables). 


To determine more precisely the angle when a given sine or cosine is near 
1.0 and the angle sought is consequently in the area of no subdivisions use 
may be made of the relationship sin?+-cos?=1; thus: sin A =0.982, A=?, 
cos A = V12—sin? = V(1+0.982) (1—0.982) = V1.982 X 0.018 =0.1888, 

A=79° 07’. 

These examples illustrate and emphasize the fact that an accurate slide rule 
is really an instrument of precision when used properly. We are not forced 
to use the ST scale and use approximate values for tangents nor to guess at 
the angles between 80° and 90°. 
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Minutes of the Meetings of the Executive 
Board and the General Council 


Meetings of the Executive Board 
and the General Council of the A.S.E.E. 


of the annual convention ; (5) A.S.E.E. 
as an agency for the exchange of 


wal were held in the Willard Hotel, Wash- teachers; (6) policy which A.S.E.E. 

id tan, ington, D. C., November 10-11, 1947. should adopt in securing members 

~ since Those in attendance were: C. E. Mac- from junior colleges and technical in- 

: Quigg, President, C. J. Freund, F. M. stitutes; and (7) relations with other 

e hair- Dawson, B. J. Robertson, S. S. Stein- engineering societies. Action on these 

square berg, J. S. Thompson, A. B. Bron- matters and others considered by the 

).0425; | well, Nell McKenry, W. T. Alexander General Council are: 

i nited substituting for W. C. White, H. H. 1. The Secretary, A. B. Bronwell, 
Armsby, H. W. Barlow, G. F. Bate- reported progress in the work of that 
man, E. S. Burdell, T. C. Hanson, office; that the transfer of office facili- 

on W. L. Hughes, H. K. Justice, E. L. ties from Pittsburgh to Evanston has 

>. 5575: Lehman substituting for A.W.Turner, been completed; that the Society’s 
; ; W. B. Plank, J. E. Thornton, J. H. funds are deposited in an Evanston 
Zant. The following items on the - bank which has always maintained a 
agenda were considered by the Ex- high degree of liquidity and has re- 

3 near ecutive Board and recommendations mained. solvent through depression 

ms use | made which were presented to the years; that a membership drive is un- 

A=?, General Council: der way with a committee of approxi- 

‘ mately 500; that Miss McKenry has 

1. Report of the Secretary; (2) transferred to Evanston to assist him; 

de rule budget for 1947-48; (3) report on and that the work is progressing sat- 
forced | the scheduling of conference programs _ isfactorily. 

uess at 


for the anual convention; (4) subjects 
and speakers for the general sessions 


2. The following revised budget for 
1947-48 was adopted: 


RECEIPTS : 
Interest on government bonds ....... 350.00 


= 
: 
q 
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DISBURSEMENTS : 


Journat and Proceedings ............. 
Sec: salary, Oct. 1-to-Jaly:1 
Sec. honorarium, F. L. Bishop ......... 


Sundry printing 


Secretary's office travel 
Dues: Amer. Council on Education ..... 
Chem. Eng. Summer School ............ 


3. The following recommendations 
were made on contributions and ap- 
propriations : 

a. In 1945-46 the A.S.E.E. budget 
included $300 for the Measurement 


and Guidance Project which was not 
paid since no invoice was received. 


The Secretary was instructed to write - 


to the Project asking if financial sup- 
port of the A.S.E.E., present and past, 
was needed, and assuring them of our 
earnest desire to cooperate. 

b. Motion passed that a contribution 
of $25.00 be made to the Wickenden 
Award for Excellence in Speaking and 
Writing in lieu of flowers at the funeral. 

c. Motion passed that the retire- 
ment allowance of F. L. Bishop for 
the present fiscal year ($480.00) be 
sent to his family and that this would 
terminate the retirement allowance. 

. d. Motion passed that, in the future, 
the various publications of the Divi- 
sions of the A.S.E.E. be placed on a 
self-sustaining basis. An appropria- 
tion of $89 was approved for the Civil 
Engineering Division for publications 
- this year only. 


EXECUTIVE BOARD AND COUNCIL MEETINGS 


300.00 
3,721.00 $43,636.00 


e. Motion passed that President 
MacQuigg ascertain if additional funds 
for the Lamme award can be obtained 
so that this fund may be put on a self- 
sustaining basis. 

f. Motion passed that the cost of 
publishing the Report on Salaries in 
Engineering Schools in THE Jour- 
NAL OF ENGINEERING EpucaTION be 
charged to the fund appropriated for 
this purpose. 


4. The Secretary was instructed to 


secure an estimate on the cost of pub- 


lishing the JouRNaL from other pub- 
lishing companies. 

5. The following schedule for the 
June, 1948, convention was approved: 


Monday, June 14— 
Morning, registration 
Afternoon, conferences 
Evening, Council dinner meeting 


Tuesday, June 15— 
Morning, general session 

* Afternoon, conferences 
Evening, family get-together . 
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Wednesday, June 16— 
Morning, general session, ECRC 
Afternoon, conferences 
Evening, conferences 


Thursday, June 17— 
Morning, general session, ECAC 
Afternoon, conferences 
Evening, annual dinner 


Friday, June 18— 
Morning, general session 
Noon—adjournment 


6. The question of whether or not 
the Society should serve as an agency 
for the employment of teachers through 
advertisements of positions and teach- 
ers available in the JOURNAL was dis- 
cussed by the Executive Board. The 
Board expressed approval of the plan 
but took no formal action. 

7. It was recommended that the 
A.S.E.E. adopt a policy of securing 
members from faculties of junior col- 
leges and technical institutes in order 
to further its objective of improving 
engineering education. 

8. An informal report from the 
President’s Commission of Higher 
Education was presented by A. B. 
Bonds, Assistant Executive Secretary. 
A resume of statistical services pro- 
vided by the U. S. Office of Education 
was reported by R. C. Story, who 
outlined controlled sampling methods 
which will be used to gather statistical 
data on teaching loads, salaries, etc., 
in universities and colleges. 


9. The Committee on Secondary. 


Schools recommended that a new com- 
mittee be formed which will be re- 
sponsible to the Engineering College 
Administrative Council and that this 
committee include representatives of 
the divisions of physics, chemistry and 


_ mathematics, as well as other divisions 


of the Society, and of representatives 


for improvement in the training of 
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from secondary schools. Committee 
members are to have staggered three- 
year appointments. Report adopted 
upon motion. 

10. President MacQuigg reported 
that a conference on the improvement 
of textbooks was held in Schenectady 
on August 12. Objections to existing 
textbooks are: (1) textbooks often 
present the personal view of the author 
and the way he desires to teach mate- 
rial which may not be the best method 
of presentation; (2) many textbooks 
are merely a rehash of other texts; (3) 
textbooks often teach obsolete prac- 
tices and fail to keep abreast of new 
developments. The Schenectady con- 
ference recommended that the matter 
be taken up by the A.S.E.E. At the 
General Council meeting it was pointed 
out that (1) economic forces compel 
authors to write the best possible text- 
books in order to assure good sales; 
(2) textbook relationships are matters 
of concern primarily between the au- 
thor and the publisher since they are 
both interested in maximum adoptions ; 
(3) technical conferences in rapidly de- 
veloping technological fields can serve 
to improve the technical background 
of authors, thereby improving text- 
books. 

11. The Canons of Ethics for Engi- 
neers of ECPD were approved by 
motion. 

12. Resolutions expressing the grati- 
tude of the Society for the many valu- 
able contributions and inspiring lead- 
ership of F. L. Bishop and W. E. 
Wickenden were adopted. Copies of 
these will be sent to the families and 
published in the JouRNAL. 

13. J. E. Thornton, representative 
of the English Division, presented a 
report recommending council sponsor- 
ship of the English Division’s proposal 


| 
2 
43,636.00 
2,786.00 
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teachers of English; motion passed. 
The English Division has been spon- 
soring a project for the improvement 
of teacher training for a number of 
years. 

14. The Executive Board recom- 
mended the appointment of a commit- 
tee to investigate inter-society relation- 
ships. The General Council requested 
the Secretary to make this survey. 

15. Professors Clyde Park and G. 
W. Stewart were voted to life mem- 
bership. 
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16. H. S. Rogers will investigate 
the desirability of the A.S.E.E. becom- 
ing affiliated with the Engineers’ Joint 


Council. 


17. The improvement of instruction 
in extension schools and smaller col- 
leges was discussed. This was consid- 
ered to be a local problem to be treated 
by local Sections of the Society or by 
other groups. 

18. 71 new members were elected to 
membership, making a total of 232 
new members for the year. 


An Appreciation of Dr. Frederic L. Bishop 


Dr. Frederic L. Bishop was elected 
Secretary of the Society for the Pro- 
motion of Engineering Education at 
the twenty-second Annual Meeting 
and served the Society continuously 
and most devotedly from the summer 
of 1914 to the fall of 1947, during 
which period its membership multi- 
plied four times and its strength and 
influence grew in even larger propor- 
tions. He guided its operations 
through two world wars, through two 
educational surveys and through a re- 
organization which changed the name 
to the American Society for Engineer- 
ing Education. He brought to the 
office of the Secretary a broad knowl- 
edge of science and engineering, a wide 
acquaintance among professional and 
industrial leaders, and a consecrated 
interest in engineering education. 
These were expanded during his term 
_ of office by his experience as Head of 
the Department of Physics and Dean 
of the Schools of Engineering and 


Mines at the University of Pittsburgh, 
and through his consulting engineering 
practice in the field of glass produc- 
tion, as well as by his service within 
the Society itself. 

His intimate knowledge of educa- 
tion, industry and public administra- 
tion, and his practical experience in 
physics and engineering made his coun- 
sel of special value in the work and 
deliberations of the Society. His de- 
votion to the Society, his loyalty to 
professional ideals, and his keen sense 
of responsibility pervaded his thinking 
and work. His modesty, kindly spirit 
and friendly manner endeared him to 
all with whom he was associated. 

We are deeply grieved at his pass- 
ing and shall greatly miss him in our 
tasks and from our companionship. 
We are proud to have had him as one 
of our great constructive leaders over 
so long a period of years and to ac- 
knowledge his valuable contributions 
to our service. 
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William E. Wickenden 


Only now and then does a leader 


‘appear who can see as far as his pro- 


fessional colleagues would like to see, 
who can identify the crux of a problem 
they have tried to identify, and vis- 
ualize and depict in vivid language a 
situation they have tried to under- 
stand. President William E. Wicken- 
den was such a leader. 

As a colleague, he was superb. His 
clear mind, high ideals, and gift of 
expression made it both rewarding 
and a pleasure to work with him. And 
his patience and warm, friendly man- 
ner endeared him to all who had the 
privilege of his association. 

As Director of. the investigation of 
engineering education sponsored by the 
S.P.E.E. in the 1920’s he acquired a 
background in this field and a grasp 
of its problems that have been un- 
matched. The Report of this study 
stands as a fitting monument to his 
great work. His contributions to the 
revision of the constitution of the So- 
ciety in 1946 were invaluable. Under 
his leadership as President, the influ- 


ence of the Society added stature to 
the engineering profession. 

And as President of one of the lead- 
ing engineering schools of the country 
he found a setting in which his talents 
as a great educator and administrator 
had full play. His constructive service 
of 18 years to Case Institute of Tech- 
nology closed with his retirement in 
the summer of 1947, 

But in his mind this was not to end 
his service to engineering education 
and to his country. That his plans 
for a further active crusade in behalf 
of the engineering profession should 
have been cut short by his untimely 
death is an irreparable loss to the pro- 
fession and to the Society, and espe- 
cially to the hundreds of his colleagues 
and friends—the engineering teachers 
of the country. 

Therefore, Be Ir RESOLVED that we 
the members of The American Society 
for Engineering Education hereby for- 
mally express our sorrow in the death 
of William E. Wickenden and our 
gratitude for the services he so richly 


gave. 


3 
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The November 1946 number of the 
JourNAL contained a brief statement 
concerning the bases upon which the 
Lamme Medal is awarded through ac- 
tion of the twelve members of the So- 
ciety who compose its committee for 
this purpose. It pointed out that these 
bases stem directly from the provisions 


of Mr. Lamme’s will that the medal is - 


“to be given yearly to a chosen tech- 
nical teacher for accomplishment in 
technical teaching or actual advance- 
ment in the art of technical training.” 

Actually, over the years, perhaps half 
of the medalists have been men whose 
outstanding achievement has been as 
engineering teachers, but in the remain- 
ing cases, excellence in teaching has 
been suplemented or even surpassed by 
unusual contributions to the methods 
and content of engineering education. 
In general, the Lamme medalists have 
been men who were already widely rec- 
ognized as leaders in engineering edu- 
cation and whose work and influence 
seem likely to stand the test of time. 

The members of the Society may be 
interested in the actual procedure of 
the committee in making its selection. 
Early in January, the Chairman re- 
quests each member of the Committee 
to submit three candidates for inclusion, 
together with those submitted by other 
members of the Society, in a prelimi- 


The Lamme Medal 


nary list for the current year. The 
Committee members are then asked 
to select from this preliminary list five 
candidates in order of preference. 
From these selections weighted in ac- 
cordance with the preference expressed 
by the committee members, the chair- 
man prepares another list containing 
those men who have received a suffi- 
ciently large number of votes to make 
it possible that one of them might be 
selected as the medalist. In recent 
years, this list has usually included six 
to eight names. With it, the chairman 
submits biographical sketches of each 
of the men in closely comparable form. 
By one or two further ballots, this list 
is reduced to two names, and the com- 
mittee members are then asked to vote 
upon them in order to determine the 
medalist for the year. 

The committee is most anxious to 
have members of the Society submit 
nominations for the award and requests 
that there be included with them ap- 
praisals of the individual’s achievement 
in engineering education and significant 
factual information not readily avail- 
able in “Who’s Who in America” or 
“Who’s Who in Engineering.” To 
be considered in the current year, 
nominations should be sent before Feb- 
ruary 16th to the committee chairman, 
Donald S. Bridgman, 195 Broadway, 
New York 7, N. Y. 
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The George Westinghouse Award 


The George Westinghouse Award is 
an annual award established in 1946 by 
the Westinghouse Educational Founda- 
tion to recognize and encourage out- 
standing achievement in the teaching 
of students of engineering. The Award 
consists of $1,000, together with an 
engraved certificate. The recipient is 
selected by a nine-man committee ap- 
pointed by the President of the Society. 
The Award for 1948 will be presented 
at the banquet of the annual convention 
in Austin, Texas, June 17, 1948. 

The recipient of the Award must 
have ‘made a clearly discernible contri- 
bution to the art and science of teaching 
and shall have distinguished himself in 
several of the following ways: 

(a) Success as a teacher must be 
established both as to competence in 
subject matter and ability to inspire 
students to high achievement as dem- 
onstrated by the careers of former stu- 
dents. 

(b) Improvement of the tools of, and 
conditions for, teaching. Evidence of 
such achievement may consist of subject 
matter (textbooks, etc.); courses or 
curricula; teaching, testing, and guid- 
ance techniques; laboratory or other 
teaching equipment; and other similar 
activities. 
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(c) Improvement of teaching through 
various activities, including the devel- 
opment of teachers in a department, 
contributions to the better preparation 
of teachers, promotion of cooperation 
with other types of educational institu- 
tions, or with industry, and the co- 
ordination of fields of subject matter. 

(d) Improvement of teaching through 
the effect of personal inspiration and 
leadership. 

While there is no specific age limit, 
special consideration will be given to 
younger persons who have demon- 
strated evidence of continuing activity 
as superior teachers and who are in 
the process of contributing to the ad- 
vancement of engineering education. 

Nominations may be made by any 
person, organization, or group and are 
to be submitted before March 15, 1948, 
to the chairman of the Committee on 
Award, Professor H. E. Wessman, 
Dept. of Civil Engineering, New York 
University, New York 53, New York. 
Nominations must be made on forms 
available from either the chairman of 
the Committee or from the Secretary of 
the Society. Nominations should be 
accompanied by significant evidence 
supporting all statements and claims. 
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Sections and Branches 


‘The twelfth annual meeting of the 
Allegheny Section was held at Penn- 
sylvania State College, October 10-11. 
Dean H. P. Hammond gave the address 
_ of welcome and C. E. MacQuigg, Presi- 
dent of the A.S.E.E. was the speaker 
at the dinner meeting. The following 
papers were presented: M. A. Ed- 
wards, “The Characteristics of Cur- 
ricula Designed to Train Engineering 
Students for Research”; E. A. Walker, 
“The Organization of a Research Lab- 
oratory”; and R. A. Hussey, “The 
Business Organization of a Research 
Laboratory.” Newly elected officers 
for the Allegheny Section include: W. 
A. Koehler, chairman; R. C. Gorham, 
vice chairman; D. T. Worrell, secre- 
tary. 

The twenty-eighth annual meeting 
of the Kansas-Nebraska Section of 
the American Society for Engineering 
Education was held at Manhattan, 
Kansas, October 17 and 18, 1947. 
The meeting opened with a dinner at 
the Kansas State College Cafeteria 
with the President of the Section, L. 
B. Smith of the University of Ne- 
braska, presiding. 

F, L. Brown of the University of 
Kansas made the award for the Deans’ 
Prize Paper. The first prize was 
awarded to E. Bruce Meier, Instructor 
in Engineering Drawing at the Uni- 
versity of Nebraska. The title of his 
paper was “Can Speed Be Taught.” 


The second prize went to M. R. Alder, 
instructor in Civil Engineering at the 
University of Nebraska, for his paper, 
“A Proposed Revision in the Present 
Course of Study for Civil Engineering 
Students Together With the Need for 
Such a Revision.” The Deans’ Prize 
Paper Contest is open to instructors 
under 32 years of age who are mem- 
bers of .school faculties within the 
Section. 

R. M. Green, Dean of the Univer- 
sity of Nebraska, was the principal 
speaker. His topic was “A Rebel 
Yells.” 

The Saturday morning, October 18, 
program consisted of a Symposium on 
“The Selection and Training of Engi- 
neering Teachers.” The following men 
participated in the Symposium: Harry 
L. Daasch, University of Kansas; O. 
J. Ferguson, Dean, University of Ne- 
braska; and Linn Helander, Kansas 
State College. 

A new constitution was adopted by 
the Section and the following officers 
were elected for the coming year: 


President: Harry L. Daasch, Univer- 
sity of Kansas. 

Vice President: J. S. Blackman, Uni- 
versity of Nebraska. 

Secretary-Treasurer: Reed F. Morse, 
Kansas State College. 

Council Representative: L. E. Conrad, 
Kansas State College. 
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Dean S. S. Steinberg of the Uni- 
versity of Maryland College of En- 
ineering, and President of the En- 
ineering College Administrative Coun- 
il of ASEE, has been appointed chair- 
an of a committee on accrediting of 
Latin American engineering colleges, 
it was announced by President H. T. 
Heald of the Illinois Institute of Tech- 
nology who is Chairman of the Com- 
mitte on Engineering Schools of the 
Enginers Council for Professional De- 
velopment, the national engineering ac- 
crediting agency. Dean Steinberg re- 
cently made a survey of engineering 
schools in Central and South America 
for the U. S. Department of State. 
The objective of the new committee will 
be to promote closer relations between 
the engineering colleges of the West- 
ern Hemisphere by facilitating the 
transfer of engineering credits earned 
at Latin American institutions and giv- 
ing recognition to their engineering de- 
grees. 

James B. Conant, President of Har- 
vard University, was elected as Chair- 
man of the Board of the newly-formed 
Educational Testing Service, an organ- 
ization which has been created to 
merge the testing activities of three 
leading non-profit agencies, the Ameri- 
can Council on Education, the College 
Entrance Examination Board and the 
Carnegie Foundation for the Advance- 
ment of Teaching. Henry Chauncey, 
director of the College Entrance Exam- 
ination Board, was elected President of 
ETS. 

The purpose of the new organization 
is to develop more effective examina- 
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College Notes 


tions from the first grade to graduate 
school, better intelligence and aptitude 
tests, and to conduct intensive re- 
search in new testing methods. 

In addition to the income from its 
testing services, the ETS will have 
capital assets of approximately $1,200,- 
000. Carnegie Corporation of New 
York is contributing $750,000 of this 
total, and the balance is being provided 
from the assets of the College Entrance 
Examination Board and the American 
Council on Education. 

A center for scientific aids to learn- 
ing to study methods of collecting, or- 
ganizing, and communicating knowl- 
edge will be established at the Massa- 
chusetts Institute of Technology 
under a grant of $100,000 from the 
Carnegie Corporation of New York, 
Dr. Karl T. Compton, President of 
the Institute, announced today. The 
new center is conceived as a national 
and international resource in its field 
and will concern itself with research 
and experimentation on aspects of 
printing, documentary reproduction, 
visual education, sound recording, and 
mechanical selection systems. It will 
also serve as a center for training tech- 
nicians, librarians, and others in allied 
fields in the theories and practices of 
scientific aids to learning. 

Dr. Oleg Yadoff, a former professor 
at the Sorbonne in Paris, has been ap- 
pointed Research Associate in Civil 
Engineering at Columbia University. 

Dr. Hans F. Mayer, former director 
of the important Berlin laboratory of 
the Siemens & Halske electrical firm, 
has been named a professor of electrical 
engineering at Cornell University. 
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Apams, Henry P., Director of Technical 
Training, Okla. A. & M. College, Still- 
water, Okla. Edward R. Stapley, DeWitt 
Hunt. 

AIKELE, Cart M., Instructor in Chem. 
Engrg., Mich. College of M. & T., Hough- 
ton, Mich. M. W. Bredekamp, G. Mach- 
wart. 

ALTPETER, Rocer J., Associate Professor of 
Chemical Engrg., Univ. of Wisconsin, 
Madison, Wis. A. “A. 
Hougen. 

AMELOTTI, hee Assistant Professor of 
Mathematics, Villanova College, Villanova, 
Pa. J. S. Morehouse, M. B. Potter. 
ANDEEN, JoHN W., Assistant Professor of 
Mechanical Engrg., Univ. of Minnesota, 
Minneapolis, Minn. A. O. Lee, M. H. 
LaJoy. 

ANDERSON, JAMES H., Instructor in Me- 
chanical Engrg., Univ. of Minnesota, Min- 
neapolis, Minn. F, Holtby, B. A. Crowder. 
ANpbERSON, RicHarp D., Associate Professor 
and Head of Dept. Engineering Shops, 
South Dakota State College, Brookings, 
S. D. E. E. Johnson and W. H. Gamble. 
ANpERSON, SvEN A., Associate Professor of 
Economics, Rensselaer Polytechnic In- 
stitute, Troy, N. Y. E. H. Van Winkle, 
H. O. Sharp. 

ARMENTO, WiLL1AM J., Instructor in Civil 
Engrg., College of the City of New York, 
N. Y. C. W. Cunningham, W. Allan. 
ARNOLD, JouN Epwarp, Asst. Prof. of Me- 
chanical Engrg., Mass. Inst. of Tech., 
Cambridge, Mass. J. A. Hrones, A. 
Sloane. 

Baker, Harotp M., Asst. Prof. of Mechani- 
cal Engrg., Univ. of Pittsburgh, Pitts- 
burgh, Pa. T. G. Beckwick, N. L. Buck. 
Bannon, Rosert E., Asst. Prof. of Mechani- 
cal Engrg., Newark College of Engineer- 
ing, Newark, N. J. F. D. Carvin, H. E. 
Walter. 

BarKAN, Hersert, Instructor in Mathe- 
matics, Newark College of Engineering, 
Newark, N. J. Carl Konove, Pompey 
Mainardi. 

BarteL, Hersert H., Instructor in Civil 
Engrg., Southern Methodist Univ., Dallas, 
Texas. I. W. Santee, C. H. Shumaker. 


New Members 


BarzeLay, Martin E., Associate Professor 


of Aero. Engrg., Syracuse Univ., Syracuse, 


N. Y. L. R. Parkinson, J. A. King. 

Basoco, M. A., Professor and Chairman, 
Dept. of Mathematics, Univ. of Nebraska, 
Lincoln, Nebr. E. J. Marma, T. T. Aak- 
hus. 

Baxter, Abert N., Lecturer in Mechanical 
Engrg., Univ. of So. Calif., Los Angeles, 
Calif. S. F. Duncan, D. M. Wilson. 

Becker, Joun C., Lecturer in Mechanical 
Engrg., Univ. of So. Calif., Los Angeles, 
Calif. E. K. Springer, T. T. Eyre. 

BERNARD, BROTHER ALFRED, Professor of 
Mathematics, Manhattan College, New 
York City, N. Y. R. T. Weil, Bro. A. 
Joseph. 

BertscH, Cart V., Asst. Professor of 
Physics, Newark College of Engineering, 
Newark, N. J. R. O. Hoffman, F. D. 
Carvin. 

Besio, Cuartes A., Asst. Professor of Me- 
chanical Engrg., Southern Methodist Univ., 
Dallas, Texas. C. H. Shumaker, I. W. 
Santee. 

BorHNE, Eucene W., Associate Professor 
of Electrical Engrg., Mass. Inst. of Tech., 
Cambridge, Mass. H. L. Hazen, C. L. 
Dawes. 

Boupreaux, Ferrx J., Asst. Professor of 
Electrical Engrg., Southwestern La. Inst., 
Lafayette, La. H. R. Mason, G. G. 
Hughes. . 

Breese, Epwarp Y., Instructor in Econ. and 
Social Sci., Georgia School of Technology, 
Atlanta, Ga. W. J. Proctor, H. E. Den- 
nison. 

BRETSCHER, Erwin R., Asst. Professor of 
Civil Engrg., Univ. of Illinois, Urbana, 
Ill. W. A. Oliver, W. C. Huntington. 

Brewster, Maurice R., Professor of Econ. 
and Social Sci., Georgia School of Tech- 
nology, Atlanta, Ga. H. E. Dennison, 
W. J. Proctor. 

BrooKEs, JoHN F., Professor Civil Engrg., 
Univ. of Okla., Norman, Okla. F. S. 
Roop, R. V. James. 

Brown, James S., Asst. Professor of Me- 
chanical Engrg., Tennessee Poly. Inst., 
Cookeville, Tenn. D. W. Mattson, J. M. 
Henderson. 
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Brown, Lasry, Associate Professor of Civil 
Engrg., Tennessee Poly. Inst., Cookeville, 
Tenn. J. M. Henderson, S. S. Steinberg. 

BucCHBINDER, Harotp G., Instructor in Me- 
chanical Engrg., Northeastern Univ., Bos- 
ton, Mass. W. C. White, W. T. Alex- 
ander. 

Burcess, Joun, C., Instructor in Engrg., 
Brown University, Providence, R. I. L. T. 
Bohl, F. O. Rose. 

BurroucHs, Howarp A., Associate Pro- 
fessor of Electrical Engrg., Michigan Col- 
lege of M. & T., Houghton, Mich. V. O. 
York, G. W. Swenson. 


Butkus, Joun, Instructor in Civil Engrg. 


Ill. Inst. of Tech. Chicago, Ill. E. I. 
Fiesenheiser, P. C. Huntly. 

CaceE, Joon M., Professor of Electrical 
Engrg., Purdue Univ., Lafayette, Ind. L. 
E. Beck, D. D. Ewing. 

Camsre, RoLanp J., Associate Professor of 
Mechanical Engrg., Southwestern La. 
Inst., Lafayette, La. H. R. Mason, G. G. 
Hughes. 

Casz, Harry W., Associate Professor of 
Engrg. and-Psychology, Univ. of Calif., 
— Angeles, Calif. C. M. Duke, W. L. 

rr. 

CuapeL, Raymonp E., Instructor in Me- 
chanical Engrg., Okla. A. & M. College, 
Stillwater, Okla. R. M. Aldrich, R. R. 
Irwin. 

CHapMAN, ALAN J., Instructor in Mechani- 
cal Engrg., Rice Institute, Houston, Texas. 
John Doggett, L. B. Ryon. 

CHRISTMAN, WEBSTER M., Jr., Asst. Pro- 
fessor of Engrg. Drawing, Univ. of Wis- 
consin, Milwaukee Ext. Div., Milwaukee, 
Wis. H. R. Puckett, L. Hillis. 

CLarporNE, Harry C., Instructor in Chem- 
ical Engrg., Univ. of Tennessee, Knox- 
ville, Tenn. H. J. Garber, F. S. Riordan. 

Crark, Epirn, Professor of Electrical 
Engrg., Univ. of Texas, Austin, Texas. 
C. E. Rowe, W. R. Woolrich. 

Croruizr, Joun B., Jr., Asst. Professor of 
Electrical Engrg., Villanova College, Vil- 
lanova, Pa. J. S.-Morehouse, E. L. 
Haenisch. 

Cottier, Herman E., Instructor in Me- 
chanical Engrg., Tennessee Poly. Inst., 
Cookeville, Tenn. D. W. Mattson, J. M. 
Henderson. 

Cottins, HeErsert, Instructor in Social 
Studies, North Carolina State College, 
gig N. C. A. M. Fountain, H. F. 

ade. 


Comrort, Enwin G. H., Asst. Professor 
of Mathematics, Ill. Inst. of Tech., Chi- 
cago, Ill. S. F. Bibb, P. Huntly. 

Comp, LaVerne A., Professor of Aeronauti- 
cal Engrg., Univ. of Okla., Norman, Okla. 
F. S. Roop, R. V. James. 

Converse, Heten C., Asst. Librarian, Vir- 
ginia Poly. Inst., Blacksburg, Va. E. B. 
Morris, J. W. Whittemore. 

Cosens, KENNETH W., Asst. Professor of 
Civil Engrg., Univ. of Texas, Austin, 
Texas. P. M. Ferguson, V. S. Doughtie. 

Corton, G. Rosert, President, Kansas Vo- 
cational School, Topeka, Kansas. C. E. 
MacQuigg, W. D. Turnbull. 

Craun, Horace D., Associate Professor of 
Electrical Engrg., Tenn. Poly. Inst., Cooke- 
ville, Tenn. H. M. Crothers, J. M. Hen- 
derson. 

CreecH, Mert D., Associate Professor of 
Mechanics, Univ. of Okla., Norman, Okla. 
‘R. V. James, F. S. Roop. 

Dacue, Byron S., Asst. Professor of Me- 
chanics, Thayer School of Civil Engrg., 
Hanover, N. H. W. P. Kimball, E. S. 
Brown. 

Datey, Laurence T., Asst. Professor of 
Chemical Engrg., Southwestern La. Inst., 
Lafayette, La. H. R. Mason, G. G. 
Hughes. 

Daxan, ArtHur W., Lecturer in Engrg., 
Univ. of So. Calif., Los Angeles, Calif. 
R. E. Vivian, K. C. Reynolds. 

Damm, Joun A., Asst. Dean, Stevens Inst. 
of Technology, Hoboken, N. J. K. J. 
Moser, G. P. Rettig. 

Davipson, Darryt E., Instructor in Me- 
chanical Engrg., Univ. of Nebraska, Lin- 
coln, Nebr. A. A. Luebs, N. H. Barnard. 

Davipson, Wooprow W., Associate Profes- 
sor of Engrg., North Texas Agricultural 
College, Arlington, Texas. R. W. Binder, 
E. H. Fiath. 


Davita, Arturo B., Asst. Professor of Me- 
chanical Engrg., Univ. of Puerto Rico,. 
Mayaguez, P. R. C. C. Mota, A. B. Bron- 
well: 

Davis, Donato W., Asst. Professor of 
Electrical Engrg., Villanova College, Vil- 
lanova, Pa. J. S. Morehouse, W. A. 
Slavin. 

Davis, Louis E., Asst. Professor of Me- 
chanical Engrg. Univ. of California, 
Berkeley, Calif. R.C. Grasso, E. P. De- 
Garmo. 

Decker, JoHn L., Asst. Professor, North 
Texas Agricultural College, Arlington, 
Texas. R. W. Binder, E. H. Filath. 
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Deere, Don, Associate Professor of Civil 
Engrg., Univ. of Puerto Rico, Mayaguez, 
P. R. €.C. Mota, A. B. Bronwell. 
Dickinson, CHARLEs E., Asst. Professor of 
Landscape Architecture, Lincoln Univ., 
Jefferson City, Mo. W. Jackson, D. S. 
Eppelsheimer. 

Ditton, Francis J., Instructor in Engrg., 
Univ. of Bridgeport, Bridgeport, Conn. 
L. D. Jones, C. E. MacQuigg. 

Dopson, CuHartes R., Associate Professor 
of Petroleum Engrg., Univ. of So. Calif., 
Los Angeles, Calif. R. E. Vivian, A. 
Hansen. 

Doccett, Byron C., Instructor in Engrg. 
- Drawing, A. & M. College of Texas, Col- 
lege Station, Texas. F. E. Walling, C. H. 
Ransdell. 

Downey, GLENN L., Instructor in Engrg. 
Mechanics, Univ. of Nebraska, Lincoln, 
Nebr. E. J. Marmo, T. T. Aakhus. 
Dupvex, Epwarp F., Instructor in Engrg. 
Mechanics, Univ. of Nebraska, Lincoln, 
Nebr. E. J. Marma, T. T. Aakhus. 
Eaton, JAMES R., Associate Professor of 
Electrical Engrg., Purdue Univ., Lafay- 
ette, Ind. D. T. Campbell, C. R. Nichols. 
Ecxet, J., Instructor in Electrical 
Engrg., Thayer School of Engrg., Han- 
over, N. H. J. A. Wood, Jr., J. J. Er- 
menc. 

Epwarps, James L., Instructor in Me- 
chanical Engrg., Clemson A. & M. Col- 
lege, Clemson, S. C. A. D. Lewis, S. M. 
Watson, Jr. 

Ersacu, WALTER C., Instructor in Engrg. 
Mechanics, Univ. of Nebraska, Lincoln, 
Nebr. E. J. Marmo, T. T. Aakhus. 
Erpety1, Epwarp, Special Lecturer in Elec- 
trical Engrg., Newark College of Engrg., 
Newark, N. J. R. L. Witham, A. A. 
Nims. 

Farrett, Martin B., Instructor in Engrg. 
and Mathematics, Long Beach City Col- 
lege, Long Beach, Calif. F. A. Dow, L. T. 
Black. 
FarrisEE, WILLIAM J., Dean of Men, Clark- 
son College, Posdam, N. Y. J. H. Davis, 
W. H. Allison. 

FarguHarson, F. Burt, Director, Eng. 
Exp. Sta. and Professor of Civil Engrg., 
Univ. of Washington, Seattle, Wash. E. 
A. Loeb, F. M. Warner. 

Fay, Dovueras P., Instructor in Civil Engrg., 
Univ. of Connecticut, Storrs, Conn. K. C. 
Tippy, E. V. Gant. 

FELIBERTI, MANUEL, Asst. Professor of Chem- 


NEW MEMBERS 


ical Engrg., Univ. of Puerto Rico, May- 
aguez, P.R. C. C. Mota, A. B. Bronwell. 

Fintay, WiLt1AmM W., Lecturer in Mechani- 
cal Engrg., Southern Methodist Univ., 
Dallas, Texas. C. H. Shumaker, I. W. 
Santee. 

FLETCHER, FRANK A., Professor of Chemi- 
cal Engrg., Drexel Inst. of Technology, 
Philadelphia, Pa. L. D. Stratton, R. A. 
Hanson. 

Fropin, Joun, Associate Professor of Me- 
chanical Engrg., Univ. of Maryland, Col- 
lege Park, Md. J. W. Jackson, C. A. 
Shreeve. 

Fotcu, Pepro A., Asst. Professor of Me- 
chanical Engrg., Univ. of Puerto Rico, 
Mayaguez, P. R. C. C. Mota, A. B. Bron- 
well. 

Fontana, Mars G., Professor of Metallurgy, 
Ohio State Univ., Columbus, Ohio. J. R. 
Shank. 

Foos, CALpwELL B., Associate Professor of 
Industrial Engrg., Georgia School of Tech., 
Atlanta, Ga. F. Groseclose, D. B. Wilson. 

Fox, Bryce J., Asst. Professor of Mechan- 
ical Engrg., Univ. of North:Dakota, Grand 
Forks, N. Dak. P. J. Potter, M. H. 
Chetrick. 

Fox, Grenn A., Teaching Asst. in General 
Engrg., Univ. of So. Calif., Los Angeles, 
Calif. D. M. Wilson, K. C. Reynolds. 

FREEMAN, JAMES N., Head, Dept. of Agri- 
culture, Lincoln Univ., Jefferson City, Mo. 
W. Jackson, D. S. Eppelsheimer. 

FREEMAN, LEONNARD M., Works Technical 

“Manager, B. F. Goodrich Co., Akron, 
Ohio. E. R. Wilson, R. D. Landon. 

Frost, D. C., Associate Professor of Civil 
Engrg., Villanova College, Villanova, Pa. 
J. S. Morehouse, E. L. Haenisch. 

Futimer, DantEt M., Instructor in Engrg. 
Drawing, Michigan State College, East 
Lansing, Mich.. O. W. Fairbanks, C. L. 
Brattin. 

Gms, ArtHur G., Asst. Professor of Tech- 
nical Drawing, Ill. Inst. of Tech., Chicago, 
Ill. B. O. Loring, S. Osborne. 

Gittan, Martin J., Asst. Professor of 
Engrg., Villanova College, Villanova, Pa. 
J. S. Morehouse, J. C. Greyson. 

Goopwin, M., Associate Professor of 
Engrg., North Texas Agricultural College, 
Arlington, Texas. R. W. Burdett, E. H. 
Flath. 

Green, Gites G., Asst. Professor of Civil 
Engrg., Cooper Union, New York, N. Y. 
J. O. Eichler, J. A. Ely. 


GREE: 
Ind 
Ml. 
GRIFF 
An 
Viv 
GULD 
Eng 
Tr 
Stu 
Ral 
nec 
Bre 
HALL 
= 
of | 
Ort 
Harp 
Dr: 
tior 
Harp 
boc 
Mc 
Pal 
Cit 
she 
Haye 
H. 
Heap 
Eng 
Pa. 
chit 
hatt 
Eng 
trie 
i 
wei 
HILpE 
Rel; 
Hor 
nel 
’ 


co, May- 
Bronwell. 
Mechani- 
st Univ., 
r, I. 


f Chemi- 
chnology, 
m, R. A, 


r of Me- 
and, Col- 
n, A; 


- of Me- 
rto Rico, 
B. Bron- 


etallurgy, 
io. J. R. 


fessor of 
of Tech., 
Wilson. 
Mechan- 
ta, Grand 
Moe 


1 General 
Angeles, 
molds. 

of Agri- 
City, Mo. 


Technical 
, Akron, 
don. 

of Civil 
nova, Pa. 
h. 

in Engrg. 
East 
ks, C. 


of Tech- 
Chicago, 


fessor of 
nova, Pa. 


fessor of 
1 College, 


of Civil 
fk, 


NEW MEMBERS 


GREEN, ParKER M., Associate Professor of 
Industrial Engrg., Bradley Univ., Peoria, 
Ill. R. E. Gibbs, T. P. Colbert. 

GriFFIN, Donatp F., Associate Professor of 
Civil Engrg., Univ. of So. Calif., Los 
Angeles, Calif. R. C. Brinker, R. E. 
Vivian. 

GuLpEN, Kermit R., Asst. Professor of 
Engrg. Drawing, Rensselaer Poly. Inst., 
Troy, N. Y. H. B. Howe, H. O. Sharp. 

GULLETTE, GeorcE A., Head, Dept. of Social 
Studies, North Carolina State College, 
Raleigh, N. C. J. W. Cell, C. G. Bren- 
necke. 

GUNWALDSEN, RALPH W., Asst. Professor of 


Civil .Engrg., Poly Inst. of Brooklyn, - 


Brooklyn, N. Y. E. J. Squire, Dr. Wright. 

Hatt, Emre S., Instructor in Mechanical 
Engrg., Stevens Inst. of Technology, Ho- 
boken, N. J. G. P. Rettig, K. J. Moser. 

Hatt, WarreEN A., Lecturer in Engrg., Univ. 
of California, Los Angeles, Calif. W. L. 
Orr, C. M. Duke. 

Harpaway, B. A., Instructor in Engrg. 
Drawing, Texas A. & M., College Sta- 
tion, Texas. J. G. McGuire, W. E. Street. 

Harpinc, Fenton, Associate Professor of 
Civil Engrg., Texas Tech. College, Lub- 
bock, Texas. J. H. Murdrugh, F. L. 
McRee. 

HartsHorn, Derick S., Associate Proffessor 
of Mechanical Engrg., Rensselaer Poly. 
Inst., Troy, N. Y. H. E. Stevens, G. K. 
Palsgrove. 

HatcHer, LutHer W., Asst. Professor of 
Mechanic Arts, Lincoln Univ., Jefferson 
City, Mo. W. Jackson, D. S. Eppel- 
sheimer. 

Hayes, ANpREW J., Instructor in Industrial 
Engrg., Ill. Inst. of Tech., Chicago, Il. 
H. P. Dutton, A. B. Bronwell. 

HeapLAND, Asst. Professor of 
Engrg., Grove City College, Grove City, 
Pa. W. C. Fisher, C. S. Hoyt. 

HecKetHorN, Lester O., Instructor in Ma- 
chine Design, Kansas State College, Man- 
hattan, Kansas. R. F. Morse, C. E. Pearce. 

Hirsricu, Atvin P., Jr., Instructor in 
Engrg., Texas College of Arts & Indus- 
tries, Kingsville, Texas. F. H. Dotter- 
weich, E. Kozes. 

E., Asst. in Personnel 
Relations, Newark College of Engineering, 
Newark, N. J. C. H. Stephan, R. W. Van 
Houton. 


Hu, Joun A., Director of Student Person- 


nel and Admissions, College of Engrg., 


407 


N. Y. Univ., Bronx, N. Y. H. Torgerson, 
W. R. Bryans. 

Hocan, Frank E., Asst. Professor of Civil 
Engrg., Louisiana Poly. Inst., Ruston, La. 
H. L. Henry, R. T. Sessums. 

Hotcoms, Dysart E., Asst. Professor of 
Chemical Engrg., Purdue Univ., Lafayette, 
Ind. R. N. Shreve, A. A. Potter. 

House, Harry E., Instructor in Mechanical 
Engrg., Univ. of Wyoming, Laramie, Wyo. 
E. J. Lindahl, Harold Fry. 

Mopesto, Jr., Instructor in Elec- 
trical Engrg., Univ. of Puerto Rico, May- 
aguez, P. R. C. C. Mota, A. B. Bronwell 

Jarre, J., Asst. Professor of In- 
dustrial Engrg., Newark College of Engi- 
neering, Newark, N. J. O. J. Sizelove, 
F. D. Carvin. 

Jenkins, Cartton C., Instructor in Social 
Studies, North Carolina State College, 
Raleigh, N. C. A. M. Fountain, H. F. 
Dade. 

JENKINS, Raymonp E., Asst. Professor of 
Mechanical Engrg., Southwestern La. Inst., 
Lafayette, La. H. R. Mason, G. G. 
Hughes. 

JENKINS, WILLIAM L., Instructor in Engrg. 
Drawing, Texas Technological College, 
Lubbock, Texas. O, A. St. Clair, C. C. 
Perryman. 

Jounson, James H., Instructor in Engrg. 
Mechanics, Univ. of Nebraska, Lincoln, 
Nebr. E. J. Marmo, T. T. Aakhus. 

Jounson, STANLEY S., Instructor in Civil 
Engrg., Univ. of North Dakota, Grand 
Forks, N. D. E. H. Dodge, M. H. Chet- 
rick. 

Jones, CLARENCE R., Jr., Instructor in Me- 
chanical Engrg., Clemson A. & M. College, 
Clemson, S. C. B. E. Fernow, A. D. 
Lewis. 

Jones, Paut G., Asst. Professor of Theo- 
retical and Applied Mechanics, Univ. of 
Ill., Urbana, Ill. W. M. Lansford, J. O. 
Smith. 

Karrer, Emmett H., Associate Professor of 
Civil Engrg., Ohio State Univ., Columbus, 
Ohio. W. A. Turnbull, L. D. Jones. 

KetcHaM, Bruce V., Asst. Professor of 
Aeronautical Engrg., Univ. of Okla., Nor- 
man, Okla. F. S. Roop, R. V. James. 

Rosert E., Asst. Executive Associ- 
ate, Personnel Relations, Newark College 
of Engineering, Newark, N. J. C. H. © 
Stephan, R. W. Van Houton. 

KinpsvaTErR, Cart E., Associate Professor of 
Civil Engrg., Georgia School of Tech., 
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Atlanta, Ga. 
lard. 
Kincssury, Joun A. T., Instructor in So- 
cial Studies, North Carolina State College 
of Engrg. and Agri., Raleigh, N.C. A.M. 
Fountain, H. F. Dade. 

Kryner, Harotp G., Asst. Professor of 
Engrg. Drawing, Rensselaer Poly. Inst., 
Troy, N. Y. H. B. Howe, M. Hunter. 
Koitm, Rocer E., Asst. Professor of Civil 
Engrg., Lehigh Univ., Bethlehem, Pa. 
H. Sutherland, W. J. Eney. : 


W. M. Honour, J. J. Pol- 


cal Engrg., Univ. of Detroit, Detroit, Mich. 
C. J. Freund, J. J. Uicker. 

Krawiec, CuHEsTeER J., Instructor in Engrg. 
Drawing, Wayne Univ., Detroit, Mich. 
R. T. Northrup, Stuart McLain. 

Kuso, Geratp G., Asst. Professor of Civil 
Engrg., Univ. of Connecticut, Storrs, 
Conn. K. C. Tippy, E. V. Gant. 
Kuesier, Atrrep A., Instructor in General 
Engrg., Rutgers Univ., New Brunswick, 
N. J. S. P. Owen, M. T. Ayers. 
Nicnoras, Asst. Professor of Me- 
chanical Engrg., New York Univ., New 
York, N. Y. E. N. Kemler, E. A. Salma. 
Lacy, James W., Asst. Professor of Me- 
chanical Engrg., Southern Methodist Univ. 
Dallas, Texas. C. H. Shumaker, I. W. 
Santee. 

Lanpeo, Franc A., Asst. Professor of 
Chemical Engrg., Univ. of So. Calif., Los 
Angeles, Calif. G. T. Harness, T. T. 
Eyre. 

‘Larson, Bernt O., Asst. Professor of Gen- 
eral Engrg. Drawing, Univ. of Ill. Ur- 


LAUDENSLAGER, RicHarpD L., Instructor in 
Electrical Engrg., Northeastern Univ., 
Boston, Mass. W. C. White, D. H. Mac- 
Kenzie. 

Lawson, Epwarp C., Asst. Professor of Me- 
chanical Engrg., Univ. of Delaware, New- 
ark, Del. G. M. Dusinberre, W. F. Lin- 
dell. 

LeBron, WitFrepo J., Instructor in Civil 
Engrg., Univ. of Puerto Rico, Mayaguez, 
P. R. C. C. Mota, A. B. Bronwell. 
Leec, Kenton J., Lecturer in Chemical 
Engrg., Univ. of So. Calif., Los Aangeles, 
Calif. D. M. Wilson, T. T. Eyre. 

Levy, Bernarp, Instructor in Engrg. Me- 
chanics, Univ. of Nebraska, Lincoln, Nebr. 
E. J. Marmo, T. T. Aakhus. 

Lewis, Ropney C., Lecturer in Electrical 
Engrg., Univ. of So. Calif., Los Angeles, 
Calif. G. T. Harness, R. E. Vivian. 


Krause, Rosert P., Instructor in Mechani-. 


bana, Ill. L. D. Walker, C. H. Springer. 
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LIEDERBACH, FRrep J., Jr., Instructor in Me- 
chanical Engrg., Villanova College, Vil- 
— Pa. J. S. Morehouse, G. H. But- 
er, 

LinesBack, Asst. Professor of Engrg, 
Oklahoma A. & M. College, Stillwater, 
Okla. E. R. Stapley, A. Naeter. 

Lresicx, Leon P., Instructor in Mechanical 
Engrg., Newark College of Engineering, 
Newark, N.J. F. D. Carvin, H. E. Walter. 

Lister, CHartes A., Asst. Professor of 
Electrical Engrg., Swarthmore College, 
Swarthmore, Pa. J. D. McCrumm, H. M. 
Jenkins. 


Lianso, JAIME R., Instructor in Physics, 


Stevens Inst. of Technology, Hoboken, N. 
J. K. J. Moser, R. O. Vuillenmier. 

Lopez, ANTONIETA DE PuMARADA, Chemical 
Engrg. Dept., Univ. of Puerto Rico, May- 
aguez, P. R. C. C. Mota, A. B. Bronwell. 

LorraInE, Percy M., Instructor in Civil 
Engrg., Univ. of So. Calif., Los Angeles, 
Calif. D. M. Wilson, T. T. Eyre. 

Lorris, Frep W., Instructor in Electrical 
Engrg., Univ. of So. Calif., Los Angeles, 
Calif. G. T. Harness, D. M. Wilson. 

MALeev, ViApimir L., Lecturer in Mechani- 
cal Engrg. Univ. of So. Calif., Los 
Angeles, Calif. Re-admission. 

Mason, Paut M., Instructor in Engrg. 
Drawing, Texas A. & M. College, College 
Station, Texas. J. G. McGuire, B. F. K. 
Mullins. 

McCuitntocx, Frank A., Teaching Fellow 
in Mechanical Engrg., Calif. Inst. of Tech- 
nology, Pasadena, Calif. D. E. Hudson, 
F. C. Lindvahl. 

McCortum, Steriinc A., Asst. Professor of 
Mechanical Engrg., Univ. of Wyoming, 
Laramie, Wyo. R. D. Goodrich, E. J. 
Lindahl. 

McHueu, Epwarp, Associate Professor of 
Mechanical Engrg., Clarkson Coll. of 
Tech., Potsdam, N. Y. H. A. Weisse, J. 
H. Davis. 

McLgan, Donatp H., Instructor in Civil 
Engrg., Georgia School of Technology, 
Atlanta, Ga. J. M. Smith, W. M. Honour. 

MESSENHEIMER, Atva D., Instructor in Ma- 
chine Design, Kansas State College, 
Manhattan, Kansas. R. F. Morse, C. E. 
Pearce. ‘ 

MEssENHEIMER, Atva E., Asst. Professor of 
Machine Design, Kansas State College, 
Manhattan, Kansas. R. F. Morse, C. E. 
Pearce. 

Metz, Donatp C., Instructor, Div. Technical 
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NEW MEMBERS 


Institutes, Purdue Univ., Lafayette, Ind. 
Maurice Graney, A. K. Branham. 

Mitts, BLaKkeE D., Jr., Associate Professor 
of Mechanical Energ., Univ. of Wash., 
Seattle, Wash. L. B. Cooper, B. T. Mc- 
Minn. 

MITCHELL, WarrEN I., Instructor in T. & 
A.M., Univ. of Ill., Urbana, Ill. W. M. 
Lansford, W. L. Collins. 

Moore, Harry D., Asst. Professor of In- 
dustrial Engrg., Ohio State Univ., Colum- 
bus, Ohio. R. Russell, C. E. MacQuigg. 

Moors, Rotanp C., Asst. Professor of Psy- 
chology, Carnegie Inst. of Tech., Pitts- 
burgh, Pa. D. F. Miner, W. R. Work. 

Morritt, Bernarp, Instructor in Engrg., 
Swarthmore College, Swarthmore, Pa. 
W. E. Reaser, S. B. Lilly. 

MurpHy, G., Instructor in T. & 
A.M., Univ. of Ill. Urbana, Ill. J. O. 
Smith, F. B. Seely. 

Nicuots, DE Owen, Jr., Associate Profes- 
sor of Mechanical Engrg., Univ. of Mich., 
Ann Arbor, Mich. F. L. Schwartz, R. S. 
Hawley. 

NicHots, KennetH D., Professor of Me- 
chanics, U. S. Military Academy, West 
Point, N. Y. O. J. Gatshell, B. W. Bart- 
lett. 

Norman, RatpH P., Instructor in Drawing 
and Des. Geometry, Univ. of Minnesota, 
Minneapolis, Minn. L. G. Palmer, P. W. 
Bullen. 

O’Brien, Etwin J., Associate Professor of 
Electrical Engrg., So. Methodist Univ., 
Dallas, Texas. I. W. Santee, H, J. Smith. 

Orens, Irvine P., Associate Professor of 
Physics, Newark College of Engrg., New- 
ark, N. J. P. O. Hoffman, F. D. Carvin. 

Orrarp, Lewis L., Instructor in Civil Engrg., 
St. Louis Univ., St. Louis, Mo. J. B. 
Macelwane, V. J. Blum. 

OrmsBEE, ALLEN I., Instructor in Aeronauti- 
cal Engrg., Univ. of Urbana, 
H. S. Stillwell, F. R. Steinbacher. 

Oversey, James T., Instructor in Aeronauti- 
cal Engrg., Univ. of Oklahoma, Norman, 
Okla. F. S. Roop, R. V. James. 

Pace, Frank B., Asst. Professor of Mechan- 
ical Engrg., Univ. of Rochester, Rochester, 
N. Y. R. J. Randebaugh, J. H. Belknap. 

Patt, Gorpon Professor of Mathematics, 
Ill. Inst. of Technology, Chicago, III. 
S. F. Bibb, P. Huntly. 

Parmer, Rosert K., Instructor in Civil 
Engrg., Rensselaer Poly. Inst., Troy, N. Y. 
H. O. Sharp, G. R. Shaw. 
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Parr, JEROME H., Instructor in Mechanical 
Engrg., Univ. of Dayton, Dayton, Ohio. 
S. H. Rose, A. J. Holian. 

Pautt, Ross L., Instructor in Machine De- 
sign, Kansas State College, Manhattan, 
Kansas. R. F. Morse, C. E. Pearce. 

Petter, Cartes G., Instructor in Civil 
Engrg., Ill. Inst. of Technology, Chicago, 
Ill. E. I. Feisenheiser, J. C. Penn. 

Penpercast, Micwaet §S., Jr., Instructor in 
Electrical Engrg., Southwestern Louisiana 
Inst., Lafayette, La. H. R. Mason, G. G. 
Hughes. 

Perry, Wi11aM H., in charge of Prepara- 
tory Dept., Franklin Tech. Inst., Boston, 
Mass. B. K. Thorogood, W. L. Hughes. 

Peterson, Harotp A., Professor and Chair- 
man of Electrical Engrg. Dept., Univ. of 
Wisconsin, Madison, Wis, R. R. Benedict, 
J. M. Watson. 

Peterson, WILLIAM M., Associate Professor 
of Engrg., North Texas Agric. College, 
Arlington, Texas. R. W. Binder, E. H. 
Flath. 

Puitrot, CLaupe P., Associate Professor 
of Electrical Engrg., Tenn. Poly. Inst., 
Cookeville, Tenn. D. W. Mattson, J. M. 
Henderson. 

Potiarp, NeitH J., Instructor in Electrical 
Engrg., Univ. of North Dakota, Grand 
Forks, N. Dak. P. J. Potter, M. H. 
Chetrick. 

Pore, Mary F., Engrg. Librarian, Univ. of 
Kentucky, Lexington, Ky. C. E. Crouse, 
D. V. Terrell. 

Powett, Knox A., Res. Engr., Minnesota- 
Moline Power Implement Co., Minneapolis, 
Minn. B. J. Robertson, T. E. Murphy. 

PROMERSBERGER, W. J., Professor of Agric. 
Engrg., North Dakota Agric. College, 
Fargo, N. Dak. A. W. Anderson, H. S. 
Dixon. 

Quam, Georce N., Associate Professor of 
Chemistry, Villanova College, Villanova, 
Pa. J. S. Morehouse, E. L. Haenisch. 

RaGazzin1, JouN R., Associate Professor of 
Electrical Engrg., Columbia Univ., New 
York, N. Y. W. A. Curry, Walter La- 
Pierre. 

Ramirez, Francisco G., Associate Profes- 
sor of Chemical Engrg., Univ. of Puerto 
Rico, Mayaguez, P. R. C. C. Mota, A. B. 
Bronwell. 

Razak, CHartes K., Head, Aeronautical 
Engrg., Univ. of Wichita, Wichita, Kan- 
sas. R. W. Elliott, J. O. Foner. 

REAGAN, JAMES F., Associate Professor and 
Head, Aeronautical Engrg., Parks Col- 
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lege of St. Louis Univ., E. St. Louis, Ill. 
N. C. Beck, J. B. Macelwane. 

Reams, Dinwionote C., Instructor in Chemi- 
cal Engrg., Yale Univ., New Haven, Conn. 
B. F. Dodge, C. A. Walker. 


REINECKE, Marvin E., Instructor in Ma- - 


chine Design, Kansas State College, Man- 
hattan, Kansas. F. A. Smutz, C. E. 
Pearce. 

Retncotp, Harm, Associate Professor of 
Mathematics, Ill. Inst. of Technology, 
Chicago, Ill. S. F. Bibb, P. Huntly. 

Rexrorp, Moutton, Asst. Professor of Me- 
chanical Engrg., Thayer School of Engrg., 
Hanover, N. H. W. P. Kimball, J. A. 
Wood. 

Rezny, Apbrian, Lecturer in Electrical 
Engrg., Northwestern Tech. Inst., Evan- 
ston, Ill. A. B. Bronwell, R. E. Beam. 

Rosson, Frep B., Asst. Professor of Tech. 
Training, Oklahoma A. & M. College Still- 
water, Okla. FE. R. Stapley, DeWitt 
Hunt. 

SANcHEz, Juan H., Professor of Civil 
Engrg., Univ. of Puerto Rico, Mayaguez, 
P. R. C. C. Mota, A. B. Bronwell. 

Sapin, Burton M., Instructor in Social 
Studies, North Carolina State College, 
Raleigh, N. C. A. M. Fountain, H. F. 
Dade. 

Raymonp W., Instructor in Civil 
Engrg., Ill. Inst. of Technology, Chicago, 
Ill. E. I. Fiesenheiser, P. Huntly. 

ScANLAN, Jack A., Instructor in Mechani- 
cal Engrg., Univ. of Texas, Austin, Texas. 
C. J. Eckhardt, W. R. Woolrich. 

Scumitt, Harriet J., Instructor in Mechani- 
cal Engrg., Univ. of Minnesota, Minne- 
apolis, Minn. B. J. Robertson, T. E. 
Murphy. 

ScHROEDER, Ervin W., Professor and Head, 
Dept. of Agric. Engrg. Oklahoma A. & 
M. College, Stillwater, Okla. E. R. Stap- 
ley, A. Naeter. 

Scutt, Hersert M., Associate Professor of 
Electrical Engrg. Univ. of Tennessee, 
Knoxville, Tenn. C. S. Camp, R. W. 
Morton. 

SHeEpp, Jack P., Instructor in Civil Engrg., 
Kansas State College, Manhattan, Kansas. 
R. F. Morse, L. E. Conrad. 

SHEPARD, GEoRGE M., Chief Engrg., Dept. of 
Public Works, City of St. Paul, Minn. 
B. J. Robertson, T. E. Murphy. 

SHose, Louis R., Associate Professor of 
Mechanics, University of Tennessee, Knox- 
ville, Tenn. C. S. Camp, E. G. Sheldon. 


NEW MEMBERS 


Snortts, Reynotp Q., Associate Professor of 
Fuel Tech., Univ. of Alabama, University, 
Ala. J. R. Andworth, J. W. Stewart. 

SHumMwaAy, Wa Dean, Stevens Inst. of 
Technology, Hoboken, N. J. K. J. Moser, 
G. P. Rettig. 

S1en, Wayne D., Instructor in Machine De- 
sign, Kansas State College, Manhattan, 
Kansas. F. A. Smutz, C. E. Pearce. 

Smitu, H. Hunter, Asst. Professor of 
Physics, Newark College of Engrg., New- 
ark, N. J. P. O. Hoffman, F. D. Carvin. 

SmitH, Roy V., Lecturer in Mechanical 
Engrg., Univ. of So. Calif., Los Angeles, 
Calif. S. F. Duncan, E. K. Springer. 

Snyper, Herman, Asst. Professor of Me- 
chanical Engrg. Newark College of 
Engrg., Newark, N. J. F. D. Carvin, H. 
E. Walter. 

Snyper, I. Stertinc, Instructor in Civil 
Engrg., Univ. of Illinois, Urbana, Ill. W. 
A. Oliver, T. C. Shedd. 

SostowskI, THapvEus P., Instructor in Elec- 
trical Engrg., Univ. of Dayton, Dayton, 
Ohio. L. H. Rose, A. R. Weber. 

Sowers, GeorcE F., Asst. Professor of Civil 
Engrg., Georgia School of Technology, 
Atlanta, Ga. T. H. Evans, J. W. Smith. 

SPERLINE, MEREDITH E., Instructor in Engrg. 
Mathematics, Univ. of Colorado, Boulder, 
Colo. C. A. Hutchinson, W. Raeder. 

STEFANI, Luts, Dean of Engrg., Univ. of 


Puerto Rico, Mayaguez, P. R. C. C. 
Mota, A. B. Bronwell. 
Ste1cER, W. SeEtpon, Chairman, Engrg. 


Dept., Univ. of Bridgeport, Bridgeport, 
Conn. R. S. Paffenbarger, C. E. Mac- 
Quigg. 

STEINER, STANLEY F., Instructor in Indus- 
trial Engrg., Ohio State Univ., Columbus, 
Ohio. P. L. Lehoczky, C. E. MacQuigg. 

Stetia, Hector, Asst. Professor of Mechan- 
ical Engrg., Univ. of Puerto Rico, May- 
aguez, P. R. C. C. Mota, A. B. Bronwell. 

Stents, Tom B., Asst. Professor of Elec- 
trical Engrg., Texas Tech. College, Lub- 
bock, Texas. O. A. St. Clair, C. V. Bul- 
len. 

StopparpD, Rosert J., Chief Engrg., Ameri- 
can Hoist & Derrick Co., St. Paul, Minn. 
C. E. MacQuigg, A. B. Bronwell. 

Stone, RicHarp G., Asst. Professor of Me- 
chanical Engrg., Univ. of Denver, Denver, 
Colo. W. H. Parks, M. P. Capp. 

Stronc, Henry W., Asst., Personnel Re- 
lations, Newark College of Engrg., New- 
ark, N. J. C. H. Stephans, R. W. Van 
Houton. 
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NEW MEMBERS 


Surratt, I. Wess, Instructor in Social Stud- 
ies, North Carolina State College, Raleigh, 
N. C. W. D. Steveson, A. M. Fountain. 

TatuM, Fintey W., Asst. Professor of 
Electrical Engrg., So. Methodist Univ., 
Dallas, Texas. C. H. Shumaker, I. W. 
Santee. 

TAuxE, GeorcE J., Lecturer in Engrg., Univ. 
of California, Los Angeles, Calif. W. L. 
Orr, L. M. K. Boelter. 

TayLor, Cyrus B., Acting Head of Me- 
chanic Arts, Lincoln Univ., Jefferson City, 
Mo. W. Jackson, D. S. Eppelsheimer. 

TreETER, THomas A. H., Dean, Summer Ses- 
sion, Univ. of Minnesota, Minneapolis, 
Minn. B. J. Robertson, T. E. Murphy. 

TREAT, Burnett F., Associate Professor of 
Mechanical Engrg., Univ. of Texas, Aus- 
tin, Texas. W. R. Woolrich, M. L. 
Begeman. 

TrEYBAL, Ropert E., Associate Professor of 
Chemical Engrg., New York Univ., New 
York, N. Y. H. J. Masson, W. R. Bryans. 

TREZISE, FREDERICK W., Chairman, Div. of 
Engrg. Science, Univ. of Illinois, Gales- 
burg, Ill. Re-admission. 

TROXLER, JosEPH R., Asst. Professor of Me- 
chanical Engrg., Southwestern Louisiana 
Inst., Lafayette, La. H. R. Mason, G. G. 
Hughes. 

TWINING, Rosert B., Instructor in Mechani- 
ical Engrg., Drexel Inst. of Technology, 
Philadelphia, Pa. J. H. Billings, W. J. 
Stevens. 

Van VLEET, JaMEs G., Associate Professor 
of Mechanical Engrg., Univ. of Wisconsin 
in Milwaukee, Milwaukee, Wis. H. R. 
Puckett, L. F. Hillis. 

Vepova, Grorce C., Professor and Head, 
Dept. of Mathematics, Newark College of 
Engrg., Newark, N. J. Carl Konove, 
Pompey Mainardi. 

VILLAFANE, Osva.po, Asst. Professor of Me- 
chanical Engrg., Univ.. of Puerto Rico, 
Mayaguez, P. R. C. C. Mota, A. B. Bron- 
well. 

Vivas, Epuarpo N., Instructor in Mechani- 
cal Engrg., Univ. of Puerto Rico, May- 
aguez, P.R. C. C. Mota, A. B. Bronwell. 

VoceL Frep J., Professor of Electrical 
Engrg., Ill. Inst. of Technology, Chicago, 
Ill. J. C. Peebles, E. T. B. Gross. 

Vrana, JoHN J., Associate Professor of Me- 
chanical Engrg., Villanova College, Vil- 
lanova, Pa. J. S. Morehouse, G. H. Smith. 
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Wane, F. Lecturer in Petroleum 
Engrg., Univ. of So. Calif., Los Angeles, 
Calif. S. F. Duncan, R. E. Vivian. 

Wacer-SmitH, D. R. W., Asst. Professor” 
of Civil Engrg., Univ. of New Mexico, 
Albuquerque, N. Mex. N. C. May, R. J. 
Foss. 

Wacner, Expon C., Asst. Professor of Civil 
Engrg., Univ. of Wisconsin, Madison, 
Wis. J. B. Kommers, W. S. Cottingham. 

Wattace, Watter P., Lecturer, Dept. of 
Engrg., Univ. of California, Los Angeles, 
Calif. W. L. Orr, C. M. Duke. 

Watters, Howarp R., Instructor in Engrg. 
Mechanics, Univ. of Nebraska, Lincoln, _ 
Nebr. E. J. Marmo, T..T. Aakhus. 

We!s, RupotpH P., Instructor in Civil 
Engrg., Villanova College, Villanova, Pa 
J. S. Morehouse, J. J. Gallen. 

WENIGER, WILLIBALD, Dean, Graduate 
School ; Head, Physics Dept., Oregon State 
College, Corvallis, Ore. F. O. McIntyre, 
C. E. Bennett. 

WHITEHEAD, Epwin R., Director, Electrical 
Engrg., Ill. Inst. of Technology, Chicago, 
Ill. J. C. Peebles, E. T. B. Gross, 

WieczorEK, Bernarp A., Instructor in Me- 
chanical Engrg., Univ. of Akron, Akron, 
Ohio. E. R. Wilson, R. T. Landon. 

WiewaAtt, Micuet, Jr., Professor of Elec- 
trical Engrg., Univ. of Puerto Rico, May- 
aguez, P.R. C. C. Mota, A. B. Bronwell. 

Fioyp L., Asst. Professor in Me- 
chanical Engrg., Texas Tech. College, 
Lubbock, Texas. H. F. Godeke, O. A. 
St. Clair. 

Witiams, Harry A., Associate Professor 
of Civil Engrg., Stanford Univ., Stanford 
University, Calif. D. H. Young, E. L. 
Grant. 

Wuutiamson, Harorp A., Instructor, Exten- 
sion Div., Purdue Univ., Lafayette, Ind. M. 
Graney, C. Beese. 

Wooprurr, OweEN Instructor in Engrg. 
Mechanics, Univ. of Nebraska, Lincoln, 
Nebr. E. J. Marmo, T. T. Aakhus. 

Wyatt, Epwin M., Instructor in Engrg. 
Drawing, Rice Institute, Houston, Texas. 
L. B. Ryon, M. V. McEnany. 

Wytanp, HucH C., Personnel Director, 

' Sargent Hardware, New Haven, Conn. 
C. E. MacQuigg, A. B. Bronwell. 


400 new members, 12-1-47 
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